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ROBOTICS 




To Each His Own 






GMF laser-guided robot vision. 


Another reason that GMF 
Robotics is No. 1: we offer 
more products that suit 
your specific needs. 


Let’s talk robots for openers. GMF 
offers you 21 models. Which is far 
more than any other company. 
And each is designed for opti- 
mum performance on a specific 
type of task. That’s why we out- 
sell companies that offer fewer 
and only general purpose robots. 
We’ve also applied this same 


strategy to our other products. 

GMF offers a variety of vision 
systems that feature industry’s 
most powerful gray-scale image 
processing. And our vision sys- 
tems are more accurate, and 
easier to program. In off-line pro- 
gramming systems we offer you 
three levels of sophistication. 
Each brings distinct benefits 
to different situations. All these 
products plus our 1,600 man- 
years of robot application ex- 
perience allow GMF to make 
you a unique offer. 

Let us robotize your entire 
plant Including providing plant- 
wide or cell level Computer 


Integrated Manufacturing (CIM) 
networking systems. The advan- 
tages of letting GMF do it all are 
enormous. You get superior ap- 
plication know-how. More prod- 
ucts to choose from. Simplified 
operator, programming and 
maintenance training. Fewer 
spare parts. And it's all backed 
by the No. 1 robot company 
in America. 

Call GMF. And have it your 
way. GMF Robotics Corporation, 
5600 New King Street, Troy, 
Michigan 48098. (313) 641-4242. 


GMF clean room robot. 


cad/cam off-line programming system. 


GMr Robotics 


NO.1 THROUGH TECHNOLOGY. AND SWEAT. 
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The MODULYNX* approach 
to programmable motion control. 



Now you have a 
cost-effective alternative 
to system control . . . 
with Superior Electric’s 
MODULYNX® Motion 
Control System. 
Because we’ve added 
four new products to 
our MODULYNX line 
that give you a new 
dimension in stepping 
motor and system 
control. 

A smart systems 
controller. 

Make our new Sys- 
tems Controller Card 
the decision making 
“smarts” of your next 
motion control system. 

It provides you with a 
standardized RS232C 
interface. But it’s also a 
single-board computer. 
You can develop your 
own program in the 
system’s 4K RAM, then 
store it in the controller’s 
E 2 PROM nonvolatile 
memory where you can 
edit it anytime you want. 

I/O Control. 

With our new I/O 
Control Card, you can 


I/O Control 


monitor and control 
events outside the 
motion control system. 
Each I/O Control Card 
has 8 inputs and 8 out- 
puts and there is the 
capability of up to three 
cards to a bus. With this, 
the System Controller 
can control up to 24 in- 
puts and 24 outputs — 
optically isolated. 

Change velocity 
on the fly. 

Our new Super 
Indexer Card is another 
major advance. This 
card is a microstepping 
indexer capable of 
25,600 steps per revolu- 
tion. It lets you change 
velocity on the fly And 
with the MODULYNX 
Systems Controller, you 
can program whatever 
motion resolution you 
need — from 1/1 28 step 
to full step. 


Position 

verification. 

Then there’s our 
Count and Compare 
Card. It provides posi- 
tion verification via 
encoder feedback. In 
conjunction with the 
System Controller, it also 
provides error-flagging 
and programmable 
auto-correction, as well 
as automatic monitoring 
of cycles outside the 
motion control system. 

Tailor your own 
control system. 

MODULYNX 
Motion Control products 
are individual circuit 
cards. Simply choose 
the ones you need for 
your system. A wide 
range of interfaces are 
available, from RS232C, 
IEEE488 or STD BUS 
to simple switches 
and TTL levels. We also 


offer a wide range of 
indexers, drivers and 
stepping motors from 
fractional to 2V2 HR 
MODULYNX products 
are also available in 
Eurocard format. 

We’re the first name 
in motion control. And 
now we can make your 
job even easier, by 
providing you with a sin- 
gle source for all these 
control capabilities. 

For the name of the 
Superior Electric spe- 
cialist in your area, write 
The Superior Electric 
Company, 383 Middle 
St., Bristol, CT 06010. Or 
call (203) 582-9561. 

Superior 

Electric 

In Europe: Superior Electric 
Nederland B.V. The Hague, 
Netherlands Tel: (070) 679590 
In Canada: The American Superior 
Electric Co., Ltd. Toronto, Ontario 
Tel: (416) 255-2318 

MODULYNX® Motion Controls 
SLO-SYN® Stepping Motors 
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Product News 


ADVERTISEMENT 


Motion Control 

X-Y Positioning Tables 



Straight line accuracy to ± .00005” per inch; 
Low friction movement provided by a 
hardened stainless steel ball bearing system; 
Black anodized aluminum members with 
precision ground mounting surfaces to assure 
flatness & parallelism; Ideal for X, X-Y, & 
X-Y-Z application. These quality features are 
all standard in the precision linear tables, 
available from stock at Daedal Inc. They are 
offered with English or Metric lead screws, 


with or without D.C. stepper motors, and 
with travels up to 24.00 in. 

Daedal Inc. (800) 245-6903 
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Ball Slide Positioners 


Low-friction ball slides driven by precise 
manual drives (micrometer, fine screw, 
differential screw) provide accurate linear 



positioning, with straight line accuracy & 
repeatability to ± .00005”. These positioners 
are available with travels up to 2.00 in. (free 
travel ball slides up 33.00 in.). Multi-axis 
positioning can be obtained by stacking 2 or 
3 positioners for X-Y or X-Y-Z motion, or 
by combining them with manual rotators. All 
models are available from stock for 
immediate delivery. 

Daedal Inc. (800) 245-6903 
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Rotary Tables 



Tables that offer extremely smooth rotation 
and accurate point to point indexing are 
available with table diameters ranging from 
5.00” to 12.00”. A pre-loaded angular con- 
tact ball bearing system, combined with a 
precision worm gear drive, assure dynamic 
stability, positional accuracy and repeat- 
ability. These rotary tables are available from 
stock, and can be combined with Daedal 
linear tables for linear-rotate application. 
Daedal Inc. (800) 245-6903 
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Stepper Motor Control 



Stepper motor control of linear and rotary 
tables is a very cost effective method of satis- 
fying the need for accurate motorized posi- 
tioning and motion control. Daedal Inc. of- 
fers a line of controllers that can provide sim- 
ple “start-stop” motion; positional indexing; 
or programmable motion control. All models 
are very easy to install and operate. They are 
designed to accurately control Daedal’s 
linear and rotary tables, to provide simple 
solutions to both simple and complex 
motion control requirements. 

Daedal Inc (800) 245-6903 


AUTOMATED 

MOTION 

CONTROL... 

(The Easy Way) 


Daedal, Inc. introduces 
the new “PC-460" mo- 
tion controller, designed 
to satisfy the need for a 
“programmable motion 
control work station which 
can be easily setup and 
operated - the same day - 
by anyone (even those with no 
knowledge of computers or N.C. 
controls). This controller when 
combined with any of the Daedal 
stepper motor driven Linear or 
Rotary tables, can provide accurate 
single axis, two axis, or three axis 
positioning and motion control. 

The "PC-460" stepper motor controller is comprised of two basic components: a CONTROL UNIT and a COMPUTER. 
These two units combine to translate the user's instructions into drive signals to the stepper motors, causing the 
Linear Tables (2" to 24“ travel) or Rotary Tables (5“ to 12" Diameter) to run and stop in a desired pattern. The 
computer has a “non-volatile” “RAM" memory, to store motion programs for later use. Plus, the computer is not 
dedicated to the controller, hence it can be used as a personal computer when the controller is not in operation! In 
addition to the computer, and control unit, a cassette recorder is also provided for permanent storage of an unlimited 
number of "motion programs". 



Call TOLL FREE 

For Additional Information 


FEATURES: • AUTO/MANUAL CONTROL 
• PROGRAM EDITING 
• POSITION READOUTS 
• TRAVEL LIMIT STOPS 


800 - 245-6903 

in PA 41 2-744 4451 


> USER FRIENDLY PROGRAMMING 
• NON-VOLATILE PROGRAM MEMORY 
• CASSETTE PROGRAM STORAGE 
• SINGLE BUTTON HOME 


• PROGRAMMABLE TRAVEL, VELOCITY, ACCELERATION, AND DELAYS 

DAEDAL, INC. 

(The source for accurate positioning & motion control) 

P.O. Box G □ Sandy Hill Road □ Harrison City,PA15636 
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Editorial 


Existence Proof. . . 


BY CARL HELMERS 


The critic has it easy. The easiest thing in the world to do is to be 
negative. In contrast, it is difficult to create a positive new idea, process, 
technology, or business. As soon as this is done, critics move in and pick 
at the results. Sometimes the critics move in as soon as the idea is even 
suggested. Now, criticism is a healthy part of any technological progress. 
It provides the “what ifs” necessary to engineer a new concept. Every 
positive advance in technology has healthy criticism at its inception. 

Critical awareness of engineering tradeoffs is one issue. But there is 
always the difficulty of convincing untutored, even hostile, critics that 
a new idea will work. Some people cannot see an incremental improve- 
ment even when it is presented to them on a silver platter. There are 
always those who say “it can’t be done” upon hearing of a proposed new 
technological feat. This unhealthy form of criticism is more than just the 
formal “devil’s advocate” position of engineering’s creative process. For 
such critics, the act of being critical takes on a life independent of any 
valid basis for criticism. 

Whatever it is, there will be people who criticize with varying degrees 
of merit. If it is some pseudoscientific concept of levitation sans technology 
and in violation of physical principles, then the critics will tend to be 
engineers and scientists. They have on their side the weight of extensive 
knowledge of the physical world. However, if it is an engineering use of 
magnetic repulsion to lower mechanical friction, then no physicist or 


Why this magazine 
and more than 
1,000 others let us 

go over their books 
once a yean 

Some magazines, we’re sorry to say, keep their 
readers undercover. They steadfastly refuse to let BPA 
[Business Publications Audit of Circulation, Inc.] or any 
other independent, not-for-profit organization audit their 
circulation records. 

On the other hand, over 1,000 publications (like this 
one) belong to BPA. Once a year, BPA auditors examine 
and verify the accuracy of our circulation records. 

This audit provides the name, company, industry and 
job title of every reader each publication reaches. The 
information helps advertisers to determine if they are 
saying the right thing to the right people in the right place. 

It also helps somebody else important: you. Because 
the more a publication and its advertisers know about you, 
the better they can provide you with articles and 
advertisements that meet your informational needs. 

BPA For readers it stands for meaningful information. 

For advertisers it stands for meaningful read ers. Business 
Publications Audit of Circulation. Inc. Wnm 
360 Park Ave. So., New York, NY 10010 V tSrH 
MEDIA INTELLIGENCE 


engineer can base an objection on what is known about the physical world. 
There may be technical tradeoffs to be made in achieving stable magnetic 
levitation. The engineers are not violating any physical principles by using 
them in a vehicle or materials transport system. 

The technical and nontechnical critics’ polemics against manned air- 
craft and manned spaceflight are legendary. Almost as strenuous are con- 
temporary objections to the proposed ballistic missile defense system. 
Defusing the critics requires only an existence proof. It is hard to criticize 
a technology that works. Much of the wind was knocked out of the 
Strategic Defense Initiative’s critics last summer with a simple existence 
proof: A demonstration was made of a kinetic energy interception and 
destruction of a dummy Minuteman warhead high over the Pacific Ocean. 
The interceptor was an aerospace robot, self-guided by an infrared hom- 
ing sensor to a direct hit on the reentering dummy warhead. Who says 
“Star Wars” defense systems will not work? 

Our cover depicts another example of the existence proof concept in 
the classical sense of a research program with definite goals. It is a research 
program crucial to increasing manufacturing productivity in the next 
decade. Pictured are the contents of one small corner of the National 
Bureau of Standards Automated Manufacturing Research Facility in 
Gaithersburg, Maryland. The AMRF’s purpose is research and 
development— exploring the limits of technology in automated manufac- 
turing. Similar to, but broader than, the research programs of individual 
companies, the AMRF intends to provide a working existence proof of 
the concept of an automated factory. 

The National Bureau of Standards puts particular emphasis on one 
of the most fundamental questions: How will our manufacturing industries 
make the transition to automated manufacturing? A proposed answer is 
inherent in the design of the facility. Whether the concept proves to be 
the “right” answer is less important than the exploration of the problems 
involved. The idea of integrated manufacturing requires standards of data 
communication, data representation, and control structures that can unify 
the actions of multiple intelligent machines. In the integrated manufac- 
turing facility of the future, each work cell and work center must be coor- 
dinated with its neighbors and the overall management of the system. 
By proposing and experimenting with such standards— in cooperation 
with the equipment manufacturers— the AMRF’s theme is to lay the 
groundwork for an evolutionary transition via incremental improvements. 
At each stage of the transition, new equipment and new methods are 
installed that have real payoffs easily evaluated in isolation. The key to 
the evolutionary approach is to create a design philosophy for new equip- 
ment consistent with future growth toward more integrated automation. 

The researchers at the AMRF expect to complete the facility in 1986. 
Upon completion it will be able to demonstrate automated manufactur- 
ing from stock materials and computer-aided design through the ma- 
chined, finished product. The demonstration will represent an engineering 
existence proof that a major part of the automated manufacturing goal 
can be achieved. It will take its place as an advanced existence proof 
of concept alongside the privately funded research, development, and 
application efforts of every large manufacturing company. As a publicly 
funded research project, most if not all of the technology will be available 
in some form just for the asking. Even if none of the information proves 
useful in detail, the mere fact of the demonstration facility— its nature 
as an existence proof— can serve as an inspiration for further practical 
advances. ■ 
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MONFORTE ROBOTICS, INC 


FOREMAN. 
TOOL-CHANGING 
ROBOT HANDS 


FASTEST TOOL CHANGE IN INDUSTRY 
LOWEST COST TOOL CHANGE METHOD 
SIX DISTINCT MODES OF PICK-UP 
UPGRADABLE AFTER PURCHASE 


flexible, intelligent robot hands for industrial robots. 



"Designed for industrial robotic operations, the FOREMAN hand makes it possible 
for one robot to perform a variety of tasks in one robot work cell simply by 
exchanging tools or specialized pairs of fingertips under robot control." 


“THE ONLY HAND YOUR ROBOT WILL EVER NEED.” 



MONFORTE ROBOTICS, INC. 

2333 WHITEHORSE-MERCERVILLE ROAD 
TRENTON, NEW JERSEY 08619 
(609) 586-5094 
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Calendar 


MAY 

1-2 May. Artificial Intelligence and Advanced 
Computer Technology Conference/Exhibition. 
Long Beach Convention Center, Long Beach, 
CA. Contact: Tower Conference Management 
Company, 331 West Wesley St, Wheaton, IL 
60187, telephone (312) 668-8100. 

The direction of AI 85 is commercial, and 
technical sessions will include such topics as 
AI in office automation, natural language in- 
terfaces, AI in defense systems, computer vision, 
and the legal and social implications of artificial 
intelligence. 

6-7 May. Applying Robotics Technology in the 
Textile Industry. Norcross, GA. Contact: Diane 
Korona, Robotics International, SME, One 
SME Dr., PO Box 930, Dearborn, MI 48121, 
telephone (313) 271-1500, ext. 392. 

Among textile industry applications to be 
covered are bale handling; testing; doffing; 
material, bobbin, and fiber handling; inspec- 
tion/segregation; creel loading/unloading; car- 
rier loading/unloading, and case packing. The 
vice-president and the manager of Robot 
Systems, Inc. will conduct the workshop, which 
will be worth 12 professional credits toward 
SME recertification. 

6- 9 May. 1985 International Tool & Manufac- 
turing Engineering Conference and Exposi- 
tion. Cobo Hall, Detroit, MI. Contact: Public 
Relations Dept., Society of Manufacturing 
Engineers, One SME Dr., Dearborn, MI 48121, 
telephone (313) 271-0777. 

This conference will feature 18 all-day work- 
shops, 17 half-day technical sessions, and a half- 
day tutorial. Among topics to be addressed are 
group technology and CIM, artificial intelligence 
in manufacturing, and computer-aided design 
and analysis. The concurrent exposition will 
feature demonstrations of advanced metalwork- 
ing technologies and equipment in over 100 
categories. 

7- 9 May. Controlling Manufacturing Produc- 
tivity Through DNC. Airport Hilton Inn, 
Romulus (Detroit), MI. Contact: Sharilyn Sham- 
pine, Program Administrator, Computer and 
Automated Systems Association, SME, One 
SME Dr., PO Box 930, Dearborn, MI 48121, 
telephone (393) 271-1500, ext. 386. 

The seminar will emphasize a broad view of 
digital numerical control by showing the role 
it plays in bringing factory automation on line 
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in a timely manner. Topics will include network 
systems, DNC and factory data collection, 
justification of DNC, and organizational impact 
of DNC. 

8 May. Simple Solutions to Complex Robot Ap- 
plications. Montclair State College, Upper 
Montclair, NJ. Contact: Prof. Gideon Nettler, 
Department of Mathematics & Computer 
Science, Montclair State College, Upper Mont- 
clair, NJ 07043, telephone (201) 893-4294. 

This talk, conducted by Michael T. McCraley, 
Panasonic Industrial Co., is part of the Mont- 
clair State College Department of Mathematics 
& Science robotics lecture series. 

8-9 May. Applying Robotics Technology in the 
Woodworking Industry. Norcross, GA. Contact: 
Diana Korona, Robotics International of SME, 
One SME Dr., PO Box 930, Dearborn, MI 
48121, telephone (313) 271-1500, ext. 392. 

This course, worth 12 professional credits 
toward the SME recertification program, will 
include topics such as spray painting, surface 
preparation, palletizing, applying adhesives, 
material handling, staining, machine loading, 
packaging, and tool handling. There will also 
be a display of end-of-arm tooling and sensors 
and vision systems. 

14- 16 May. 1985 Test & Measurement World 
Expo. San Jose Convention Center, San Jose, 
CA. Contact: Meg Bowen, Conference Direc- 
tor, Test & Measurement World Expo, 215 
Brighton Ave., Boston, MA 02134, telephone 
(617) 254-1445. 

The 24 conference sessions will feature more 
than 100 technical papers on topics such as 
testing of surface-mounted devices, electro- 
optics test/optical metrology, process monitor- 
ing, the ergonomics and psychology of factory 
automation, machine vision, and communica- 
tions and microwave testing. There will also be 
product demonstrations and a large exhibit. 

15- 21 May. JAPANMEC '85. Osaka, Japan. 
Contact: Michael Solomon, Michael Solomon 
Associates, 509 Madison Ave., Suite 1708, New 
York, NY 10022, telephone (212) 223-3340. 

The Japan International Measuring and Con- 
trol and Industry Show ’85 will be one of the 
opening events at the the New Osaka Interna- 
tional Fairgrounds. Tvelve categories of instru- 
ments will be on display: precision measuring, 
metering, optical measuring, electric/electronic 
measuring, testing, analytical, control, 


information-transmission, peripheral devices/ 
auxiliary equipment, and other related equip- 
ment. Concurrent and at the same location will 
be FACTRO ’85, a new international show 
devoted to flexible manufacturing systems. 

16 May. Design for Manufacturability. Contact: 
IEEE Continuing Education Dept., IEEE Ser- 
vice Center, 445 Hoes Lane, Piscataway, NJ 
08854, telephone (201) 981-0060, ext. 329 or 
330. 

This videoconference will be broadcast from 
11 a.m. to 4 p.m. EST via satellite through an 
interactive network (one-way video, two-way 
audio) to sites in the United States, Canada, and 
Mexico. Topics will include design guidelines 
for minimum assembly effort, evaluating a de- 
sign against a minimum number of parts, design 
considerations of parts for automatic handling 
and feeding, design factors to facilitate assembly 
by automated equipment, and economic con- 
siderations of automated manufacturing. 

19- 23 May. 1985 Annual International In- 
dustrial Engineering Conference and Show. 
Westin Bonaventure Hotel, Los Angeles, CA. 
Contact: Conference Dept., HE, 25 Technology 
Park/Atlanta, Norcross, GA 30092, telephone 
(404) 449-0460. 

Among the large selection of course offerings 
will be Artificial Intelligence in Manufacturing 
and System Approach to Manufacturing. The 
AI seminar will examine the applications of AI 
techniques to manufacturing and will present 
major areas of research development emphasis, 
along with potential payoffs. The system session 
will cover several CAM-related systems/physical 
simulators, including a CNC system, automated 
model warehouse, automatic quality control 
system, computerized drilling machine, and 
assembly robot. 

20- 22 May. Commercial Artificial Intelligence: 
Myths & Realities. Century Plaza Hotel, Los 
Angeles, CA. Contact: Lynn M. Bentley, Mar- 
keting Manager, Gartner Group, Inc., 72 Cum- 
mings Point Rd., PO Box 10212, Stamford, CT 
06904, telephone (203) 964-0096. 

The emphasis of this conference will be real- 
world applications of artificial intelligence in 
large corporations and the structure of the 
emerging AI industry. Topics to be covered in- 
clude AI in computer operations, manufactur- 
ing, financial services, and office information 
systems; Al-based user interfaces; and AI and 
personal computers. Continued on page 19 


More Tools of the Trade 

from the Communications and Control Engineering Series 


Discrete Systems Analysis, Control and 
Optimization 

M.S. Mahmoud and M.G. Singh 

Provides comprehensive, state-of-the-art coverage of discrete- 
time dynamical systems, examining both time-domain and 
frequency-domain techniques. Particular emphasis is placed on 
side-by-side treatment of small-scale and large-scale systems, 
parameter-estimation techniques, adaptive control, and 
computational algorithms. Worked examples and exercises 
graded by difficulty make this book suitable as a graduate 
level text or self-tutorial. 

1984/669 pp./87 illus./hardcover $49.50 
ISBN 0-387-13645-2 

Recursive Estimation and Time-Series 
Analysis An Introduction 
P.C. Young 

Combining expository and tutorial elements, this book covers 
recursive-parameter estimation and time-series analysis, 
techniques useful for adaptive (learning) methods in such areas 
as signal processing, pattern recognition, expert systems, 
identification, estimation, and control. The mathematics are 
kept as practical as possible, with most of the necessary 
background provided in the appendices. Relevant real-world 
examples from engineering and science demonstrate the utility 
of recursion techniques throughout the book. 

1984/336 pp./54 illus./hardcover $31.50 
ISBN 0-387-13677-0 

The miniseries that unites theoretical and practical robotics — 

Scientific Fundamentals of Robotics 
Vol. I: Dynamics of Manipulation Robots: 
Theory and Application 
M. Vukobratovic and V.P. Potkonjak 

. .certainly the most complete summary of manipulator 
dynamics presently available in the English language. ” 

Bernard Roth, 

Mechanism and Machine Theory 

1982/303 pp./149 illus./hardcover $37.50 
ISBN 0-387-11628-1 

Vol. Il:Control of Manipulation Robots: 
Theory and Application 
M. Vukobratovic and D. Stokic 

Presents a unique approach to the advanced design of control 
systems of industrial manipulation robots. A complete 
interactive design procedure is illustrated by several 
manipulation tasks with differing types of manipulator 
mechanisms. 

1982/363 pp./Hl illus./hardcover $45.00 
ISBN 0-387- 11629-X 


Springer-Verlag 

New York Berlin Heidelberg Tokyo 


Forthcoming — 
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THE ABCS OF 
XV POSITIONING 


Richard M. Dougans 
Chief Engineer 
Design Components, Inc. 
Franklin, MA 02038 


X-Y positioning tables have been in- 
tegral parts of machine tools for 75 years. 
Still, many engineers and designers are un- 
familiar with the latest generation of posi- 
tioning tables, which bears little resem- 
blance to the comparatively massive tables 
found on large lathes, milling machines, 
and other production equipment. 

These new, highly accurate tables use 
precision antifriction bearings— instead of 
massive metal-to-metal sliding contact 
ways— and provide a low-cost, easy to im- 
plement means of transfer and positioning. 
They permit linear and, in a few special 
cases, rotary motion with very low friction; 
motion is accurate, repeatable, and 
routinely controlled by open-loop or 
closed-loop electronics. 

An X-Y positioning table can be incor- 
porated into an OEM-built machine, or it 
can be one of several subsystems assembl- 
ed into a production system. Let’s take a 
look at a few of the applications for X-Y 
positioning tables. 


ELECTRONICS MANUFACTURING 

Perhaps the largest user of small position- 
ing tables is the electronics industry, due 
to its large volume of small, precise com- 
ponents. In the manufacturing of inte- 
grated circuits, positioning tables are used 
for scribing, dicing, and slicing substrate 
material. In these applications, the posi- 
tioning table moves a laser beam or a me- 
chanical cutting tool across the wafer in 
controlled patterns— or vice versa. 

Quite often, after integrated circuits are 
cut and packaged, other positioning tables 
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are used for micropositioning in hybrid cir- 
cuit manufacturing and quality control. In 
these kinds of manufacturing operations, 
the positioning table moves the circuits in 
small increments, allowing examination 
under a microscope. The accurate and 
repeatable movement of the X-Y position- 
ing table, coupled with its low friction, 
makes possible assembly and quality- 
control operations that would have been 
impossible just a decade ago. 


Other areas of electronics manufactur- 
ing use positioning tables in automated in- 
sertion operations. For example, several 
companies are now offering terminal inser- 
tion machinery that will insert hundreds 
of terminals in printed circuit boards in a 
fraction of the time required with conven- 
tional manual or semiautomatic methods. 
Photo 1 shows a typical example of such 
a system. Application of positioning tables 
in automated component insertion con- 



Photo 1. Many industrial, commercial, and laboratory automation applications require the use of X-Y posi- 
tioning systems. Here we see an electronics packaging application in which an X-Y positioning sub-assembly 
positions a board for insertion of wirewrap pins. This Autosplice Computer Numerical Control Insertion 
System inserts up to 3000 terminal pins per hour. 




tinues to grow at an increasing rate. This 
growth is being accelerated by the availa- 
bility of inexpensive, computer-controlled 
automation equipment. 


MATERIAL HANDLING 

In addition to the electronics manufactur- 
ing marketplace, X-Y positioning tables are 
also making inroads in material handling 
and assembly. An entirely new robotics 
market is developing around numerically 
controlled handling equipment coupled to 
fast and low-mass positioning tables. 

For example, a typical application is in- 
serting hundreds of small pharmaceutical 
vials in the small compartments of ship- 
ping containers. Eliminated are tedious 
manual operations that characteristically 
have omissions and frequent breakage due 
to human error. 

Likewise, positioning tables are ideally 
suited for light drilling and tapping posi- 
tioning in machine-tool applications. They 
are never substitutes for the heavy-duty 
tables found on large machine tools; in- 
stead, they provide a way to quickly posi- 
tion parts for light machining. 

The above examples just scratch the sur- 
face of applications for X-Y positioning 
tables. There are numerous other applica- 
tions in metrology, optics, instrumentation, 
and medical applications, among others. 


DIFFERENT TYPES AVAILABLE 

With new applications for X-Y positioning 
tables being discovered almost daily, it is 
instructive to discuss the types of tables 
that are available. The principal difference 
that sets table styles apart is generally the 
bearing technology incorporated. 

Ball-bushing or recirculating linear bear- 
ings. The ball-bushing, perhaps the most 
common linear bearing, is the basis for 
many X-Y positioning tables. A position- 
ing table configured in this manner con- 
sists of two sets of ball-bushings riding on 
two polished and ground shafts. 

Because the ball-bushings can travel 
along a shaft of any practical length— up 
to many feet if required— this approach to 
X-Y positioning is unusually flexible in 
regard to physical size. 

On the debit side, the design flexibility 
of the ball-bushing approach turns out to 
be a weakness. The ball-bushing style of 
X-Y positioning table requires much hand 


work by skilled people. Custom designs are 
easily conceived and executed on a one- 
by-one basis, but the hand work is pro- 
hibitively expensive if a number of copies 
of the same design must be manufactured. 

Nonrecirculating bearing type. In contrast 
to the ball-bearing type of linear bearing, 
this constrained bearing approach does 
not use a system of recirculating balls. In- 
stead, the balls are held in a retainer and 
roll against precision shafts or V-ways 
mounted to the stationary surface of the 
table. The moving surface of the table 
forms the outer “race” of the bearing. 
Several variations using roller or ball 
elements are currently available. 

The advantages of the nonrecirculating 
linear bearing are many. From a design 
point of view, they offer somewhat less fric- 
tion and a simpler basic mechanism than 
those based on recirculating antifriction 
elements. But in a more general sense, the 
constrained bearing positioning table elim- 
inates the headache of custom design, fab- 
rication, and testing the linear positioning 
system. 

Chassis-slide. Another approach to X-Y 
positioning is based on the use of inexpen- 
sive chassis-slide type mechanisms. These 
are essentially light-duty linear bearings, 
usually constructed from sheet metal. They 



Photo 2. In their MAT-800 Airbrasive THmming 
systems, S.S. White employs three modified ball slides 
as a hybrid X-Y positioner to provide X-Y, plus Z posi- 
tion accuracy and repeatability while keeping costs 
low. Off-the-shelf slides combine to ensure trimming 
probe contact and to provide a right angle drive of 
stage and a speed trimming cycle. 


are often used in electronic chassis or as 
hand-driven microfilm readers, where loose 
tolerances are acceptable and can be cor- 
rected by the eye of the operator. The 
strong point of such mechanisms is their 
low price and satisfactory performance 
where high precision and repeatability are 
not required. They should not be con- 
sidered for high-duty cycle, motor-powered 
applications, or those involving even 
moderate loads or shock. 

The increasing trend among manufac- 
turers is to purchase a complete subassem- 
bly for incorporation into a larger assembly. 
Under these conditions, it might be unwise 
to get involved with “build-it-yourself ’ proj- 
ects, especially if several machines are re- 
quired. In essence, the manufacturer is 
buying a guaranteed performance specifi- 
cation when he buys a preassembled posi- 
tioning table. 

Of the various types available, those 
using balls rather than rollers offer the ad- 
vantage of self-cleaning— pushing foreign 
matter out of the way, rather than having 
to run over or crush it. This makes them 
less susceptible to such bearing destroyers 
as silica and alumina dust and other con- 
taminants typically found in electronics and 
industrial manufacturing. Accuracy and 
repeatability are typically very high in these 
types of positioning tables. Tolerances of 
0.0001 inch/inch travel are typical. 

Positioning tables based on roller 
elements offer higher load ratings than ball 
units. Much like a conventional roller bear- 
ing, the rollers in the linear bearing offer 
line contact, rather than point contact, 
thus increasing their load rating. On the 
debit side, roller-based linear bearings tend 
to require extremely precise assembly and 
positive protection from contamination. 


WHAT SPECIFICATIONS ARE IMPORTANT? 
With the different types of X-Y tables thus 
placed in perspective, it is useful to list the 
key specifications that should be deter- 
mined before purchasing a particular type. 
Let’s take a look at these, one by one. 

Accuracy. This specification refers to the 
table’s ability to travel in a straight line 
relative to some known reference plane. 
Accuracy is usually specified as deviation 
from perfect straight line travel, in inches 
per inch of travel. 

The constrained nonrecirculating type 
of linear bearing offers the highest ac- 
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curacy, measuring down to 0.0001 inch / 
inch travel or better. The recirculating ball- 
bushing type also offers high accuracy, but 
final system performance depends largely 
on very careful selection, installation, and 
testing of the individual components. The 
chassis-slide type of bearing, basically a 
nonprecision type of mechanism, offers ac- 
curacy in the 0.01 inch/inch travel range. 

Repeatability. This specification refers to 
the positioning table's ability to return to 
the same position or series of positions 
under repeated cycling. Constrained type 
bearings can offer a repeatability of less 
than 0.0001 inch typically. Once again, the 
repeatability of recirculating ball-bushing 
bearings depends largely on precise 
assembly and installation. 

Lifetime. This specification refers to the 
cumulative number of linear inches of 
travel guaranteed by the manufacturer of 
the positioning table. Lifetime is correlated 
to load rating. If the positioning table is 
applied properly, its lifetime as a compo- 
nent normally exceeds that of the machine 
in which it is placed, due to such factors 
as lower reliability linkages and rotating 
and/or reciprocating equipment. 

Load Rating. This specification refers to 
the maximum permissible load of the posi- 
tioning table, expressed in pounds. Load 
rating is usually not a major constraint on 
small format table designs for non- 
machine-tool applications. 

Friction. In general, friction is a direct 
function of linear bearing preload. 
Nonrecirculating bearings offer the lowest 
friction, especially if designed with balls. 
Roller-based, nonrecirculating bearings 
offer somewhat higher friction because of 
their line contact. Ball-bushings have low- 
friction characteristics but are very sen- 
sitive to preload adjustment and alignment. 

Mass. This characteristic should be con- 
sidered in servodesign, especially in high- 
speed applications. Modem designs based 
on lightweight, nonferrous alloys minimize 
inertia; however, for maximum dimensional 
stability, .heavier castings are used. 


CHOICE O F DRIVE OPTIONS 
After selecting a positioning table, the 
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manufacturer will have to consider the 
drive options. Positioning tables can be in- 
dexed using either open-loop or closed- 
loop control systems. Let’s take a look at 
these two different philosophies. 

Open-loop control uses stepping motors 
to position the table. Stepping motors re- 
spond to pulse commands from a control- 
ler. The term “open-loop” refers to the 
absence of a feedback sensor to tell the 
controller the exact position of the table. 
Instead, the stepping motor moves in small 
angular increments, each increment being 
a response to a pulse command from the 
controller. Commonly, the stepping motor 
turns 1.8 degrees with every pulse; 200 
pulses will move the motor a total of 360 
degrees. By coupling the motor to the posi- 
tioning table with a lead screw, the linear 
position of the table becomes a direct func- 
tion of the angular position of the stepping 
motor. 

For many applications, open-loop con- 
trol is easy to implement, relatively inex- 
pensive, and inherently digital. Controllers 
tend to be simple electronic interfaces. 
Open-loop control has the added advan- 
tage of adapting well to microcomputer 
control. Computers work with a series of 
on/off commands, and these commands 
can be converted into position commands 
for the stepping motor with very little ad- 
ditional electronics. 

Although open-loop control is simple, it 
suffers from a performance disadvantage. 
At linear speeds beyond about 10 inches/ 
second, open-loop approaches are not as 
feasible. The stepping motor’s lower torque 
at high pulse rates can cause the motor 
to “miss” pulse commands. If the stepping 
motor misses a command, there is no way 
for it or the controller to know that this 
has occurred. Thus, errors can be intro- 
duced into positioning accuracy— and 
there is no simple way to make corrections. 

A closed-loop control system is based on 
the use of a servomotor and a position sen- 
sor. Servomotors can be used to move the 
lead screws on an X-Y positioning table 
and offer precise, powerful, and high-speed 
movement. The position sensor can also 
eliminate tolerance errors and backlash. 
High-performance positioning systems, as 
well as large, massive tables generally re- 
quire the use of a closed-loop system. 

This performance advantage comes at a 
price. System control electronics are more 
complicated and expensive. The final 


choice between the two types of controls 
depends largely on the performance re- 
quirements needed. 


SHOULD YOU MAKE OR BUY? 

One of the biggest decisions facing the 
user of a positioning system is whether to 
buy a complete positioning machine from 
an OEM manufacturer or build a custom 
machine using in-house capability. In other 
words, how does a user resolve the make 
or buy decisiom? 

The first question to answer is a simple 
one: Is an in-house capability available? 
Designing a positioning system is not dif- 
ficult, but it does require competent 
engineering and follow-up. Often, manufac- 
turers have in-house design engineering 
departments whose expertise can be ap- 
plied to building a positioning system. 
Manufacturers of positioning tables and 
control systems can also help by supply- 
ing in-plant engineering departments with 
design assistance. 

The question of proprietary information 
also enters the picture. The application of 
the positioning system may involve sen- 
sitive or classified manufacturing pro- 
cesses, and the manufacturer may not wish 
outside suppliers to be involved. Further, 
new or proprietary processes may not ap- 
pear profitable enough to an equipment 
supplier. In such cases, the manufacturer 
will have no choice except to build a posi- 
tioning system in house. 

The time factor may suggest buying from 
an outside source rather than spending 
several months designing and debugging 
an in-house system, particularly for a one- 
time application. If many machines are re- 
quired, it may tax the in-house capabilities 
of a user, and it may make more sense to 
buy from an outside supplier. 

Whatever decision is reached, the end 
user should be well informed about the 
various approaches to X-Y positioning. 
The goal is to refrain from buying more 
sophistication than needed, while still ob- 
taining a positioning system that meets all 
requirements and specifications. 
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OFFER: 


To understand much of what we’re doing with 
respect to cancer research, you’d need a graduate 
degree in microbiology or biochemistry. 

But to understand how well our educational 
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The battle isn’t over but 

we are winning. J^ AMERjGft N 

Please support the American ? society 

Cancer Society. 



A COMPLIANT 
MECHANICAL ORTPER 


A problem with most existing mechani- 
cal hands or grippers used as robotic end 
effectors is lack of compliance. Usually, the 
individual fingers are composed of rigid 
sections that can be mechanically damaged 
or can cause mechanical damage on im- 
pact with other objects. The reason pneu- 
matic end effectors are so popular in com- 
mercial robots is that a certain measure of 
compliance is built into the end effector 
by the air cushion effect, i.e., the gripping 
force is essentially constant and control- 
lable for any size object (any opening of 
the gripper) and is a function of the end 
effector design and the air pressure. 

A compliant end effector of interesting 
design is used on the Amtrol Mercury 
robot: Two fingers are used and each finger 
consists of a hollow plastic tube closed at 
the end and connected at the wrist to an 
air supply; the outside of each finger is cor- 
rugated like exaggerated folds of skin. 
When air pressure is applied, these cor- 
rugations open out, causing the finger to 
turn inward and grip an object. The 
mechanisms we’ve developed and describe 
here perform a similar function but are 
based on a different concept. They are 
simpler to make, easier to modify, and 
more universal in application. 


PRINCIPLES OF THE S TRUT MEC HANISM 

Consider a strut or structural member that 
is slender, so that its length is much greater 
than its smallest cross-sectional dimension. 


Robert E. Parkin, Ph.D. 

Electrical Engineering Dept. 
University of Lowell 
I University Ave. 

Lowell, MA 01854 
and 

Warren K. Hutchinson 
Lincoln Laboratory 
Massachusetts Institute of Technology 
Ca mbridge, MA 02139 

Such a strut is inherently flexible. Make the 
strut’s cross section such that the ratio of 
the width, a , to the height, b y is large; 
usually a/b > 4. An axial compressive load 
placed on the strut will tend to buckle the 
strut in the plane of b. 

Suppose two such struts are joined by 
the wide dimension at the end, and the 
end of one strut is fixed in space while the 
end of the other strut is subject to a pull- 
ing force. The struts will deform. Next, sup- 
pose the strut under tension contacts an 
object fixed in space. It will tend to con- 
form around the object. Notice that the 
relatively wide struts provide stiffness in a 
plane orthogonal to the gripping action to 
prevent buckling under load. 

The two-strut arrangement constitutes 
a finger. A gripper, or hand, is composed 
of two or more fingers. Figure 1 shows the 


FIXED PIN, 



Figure 1. The basic Compliant Mechanical Gripper. 
Four struts made of metal or plastic are joined as 
shown. Ttoo ends of the outer struts are fixed. A 
mechanical force is applied to the center joint, caus- 
ing the inner struts to close around an object. Fixed 
pins are used to set limits on the motion of the struts. 


configuration for two fingers. In a gripper, 
the ends of the struts to which the actuat- 
ing force is applied are joined together. It 
is not necessary that the fingers of a grip- 
per be identical, although it is often de- 
sirable to have a balanced gripping action. 
A gripper can be constructed to act in a 
manner similar to the human hand using 
a stiffer and possibly wider finger arrange- 
ment on one side and two or more fingers 
on the other side in the same way the 
human hand uses an oppositional thumb. 
It may be desirable for the stiffness of the 
thumb to match the combined stiffness of 
the fingers. 

The use of pins, restrainers, or guides 
can alter the shape the struts will follow 
when subjected to a pulling or pushing 
force. For example, the use of the restrain- 
ers shown in Figure 1 prevents the struts 
from deforming outward at the point of 
restraint, and so modifies the shape of the 
struts when subjected to a pulling force. 
It also modifies the amount of pulling force 
required for a given deflection. More than 
one restrainer can be employed to produce 
specialized gripping actions. The restrain- 
ers can be pillars, and several pillars can 
be employed. The gripping action can be 
altered by repositioning the struts to bear 
on different pillars. In this way the same 
gripper can be altered at will to grip dif- 
ferent types of objects or perform different 
functions. Alternatively, the orientation of 
the fixed end of a strut can alter the grip- 
ping action. The hand shown in Figure 1 
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has restrainers positioned so that the hand 
can grip curved objects. 

Since a single pulling or pushing force 
activates the hand, the mechanical contact 
between the hand and the mechanism to 
which the hand is connected (often called 
the wrist) is very simple. For example, a 
pulling force can be obtained with a cable 
or rod that has a swivel arrangement at the 
end similar to that used on leaders in fish- 
ing tackle. In this way the connection be- 
tween wrist and hand can be rotational, 
and the hand can then be used for assem- 
bly work such as installing machine bolts. 



Figure 2. Modification of the Compliant Mechanical 
Gripper with a guide block. The guide block con- 
strains the inner struts of the gripper and provides 
a bearing surface for contact with objects. 


A restrainer, or guide, between the 
fingers of the hand, as shown in Figure 2, 
can alter the gripping action. It can also 
act as a bearing surface to aid in holding 
an object. Another way of achieving spe- 
cialized gripping actions or to increase 
rigidity is to use more struts per finger, an 
arrangement that increases the lateral pres- 
sure obtainable with a gripper. Alternative- 
ly, the unloaded shapes of the struts can 
be designed for specific applications in- 
stead of being essentially straight and 
untwisted. 

The material used for the struts can be 
plastic, fiber glass, metal, wood, or almost 
any other material that is semirigid and 
springy. For heavy-duty applications, or in 
high-temperature environments, spring 
steel would be satisfactory. To increase 
gripping action, it is often desirable to 
cover the surfaces that come into contact 
with the objects to be gripped with a com- 
pliant material. Surgical rubber has been 
found satisfactory for light-duty applica- 
tions involving small grippers. A prototype 
gripper using nylon baling ties and surgical 
rubber bearing surfaces is shown in Photo 
1. Notice the pillars that act as restrainers 


to change the gripping action. 

A simple snap-together design suitable 
for plastic injection molding is shown in 



Photo 1. A prototype of the compliant mechanical 
gripper was constructed to illustrate its operation. An 
aluminum plate provides a fixed reference plane. 
Guideposts and attachments to the plate are provided 
by machine screws. The struts for this prototype were 
made from the standard plastic cable baling ties 
available in any well-equipped prototype electronics 
laboratory. The cable ties were drilled to accept the 
machine screws. Surgical rubber tubes cover the 
machine screws that join the two struts of each finger. 
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Figure 3. The struts attempt to return to 
their original shape when the hand is un- 
loaded, thus opening the gripper. A pull- 
ing force causes the outer struts to slide 
in the channels and push the finger tips 
away from the axial pulling force, while the 
inner struts pull the finger tips toward the 
axial force. This causes the fingers to curl 
inward to grip an object as required. 

To grip hollow objects such as a pipe 
from the inside requires a hand activated 
by a pushing force to deform the struts out- 
ward, but the design of the hand is basical- 
ly unaltered. 

The mechanism discussed can be con- 
structed with a ratchet and trigger so that 
the gripping force can remain constant un- 
til the applied force is removed. 


APPLICATIONS 

The gripper described in this article has 
many applications. In addition to the ob- 
vious use as a robot end effector, the grip- 
per could be used as a prosthetic hand. 
The compliance would be a major advan- 
tage; since the mechanism requires no 
lubrication and can be immersed in liquids, 


the prosthesis could be used where other 
devices fail (as an eating utensil, for exam- 
ple). The ability to alter the gripping ac- 
tion at will enables the prosthesis to be 
catholic in application. The hand shown 
in Photo 1 was used to drink coffee from 
a styrofoam cup. 

The gripper’s simplicity makes it inex- 
pensive to manufacture, so it could be used 
in a child’s toy. In fact, when some children 
got hold of the prototype they did not want 
to relinquish it, having found great amuse- 
ment in picking up pots and pans and har- 
assing the cat. 

The gripper can also be operated re- 
motely for parts manipulation and retrieval 
in a hostile environment. It can be con- 
structed of metal to withstand high tem- 
peratures and can be considered dis- 


Charactistics of the 
Compliant Gripper 

• Compliant fingers conform to object 
gripped (not a parallel jaw gripper). 

• Automatic return to open position. 

• Self-centering. 

• Remote mechanical actuation. 



Figure 3. In actual fabrication, this Compliant Grip- 
per could be inexpensively mass-produced from plastic 
injection molded parts that snap together. The cross- 
sectional detail shows how a channel for the finger 
struts can be formed. 

posable if contaminated. Since all parts are 
exposed and need no lubrication, the grip- 
per can be sterilized for medical applica- 
tions. We believe this fundamental and ver- 
satile mechanism will find applications in 
many areas of robotics. 

Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 
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Industrial robots have been around for 
well over 20 years. The first-generation 
robots of the sixties were used to load and 
unload machines and to perform simple 
material transfer operations. The second- 
generation robots of the seventies per- 
formed more complex tasks such as tend- 
ing multiple machining centers and 
welding automobiles. The third-generation 
robots of the eighties are performing such 
highly sophisticated tasks as tactile inspec- 
tion, free-hand machining, adaptive arc 
welding, and assembly operations. 

Although industrial robots made their 
formal debut in the early sixties, it took 
almost 20 years until a formal definition 
of the term “industrial robot” appeared. It 
wasn’t until January 1980, after almost two 
years of deliberation, that the Robot In- 
dustries Association (RLA) published its of- 
ficial definition of an industrial robot. I feel 
that the RIA was compelled to take some 
kind of action to ward off the threat that 
Japan was surpassing the United States in 
its use of industrial robots, because by the 
late seventies, Japan claimed to 
have over 50,000 robots installed 
and in operation, while the 
United States had less than 2000. 

But who really held the upper 
hand? 

It all depends on how one de- 
fines the term “industrial robot.” 


The Japanese define it as “any device that 
replaces human labor.” That’s an awfully 
broad definition. Does that mean that one 
can call an automatic dishwasher or an air 
cylinder that pushes parts into a box an 
industrial robot? 

The Robot Industries Association’s 
definition of an industrial robot isn’t much 
better. The association defines an in- 
dustrial robot as follows: 


“An industrial robot is a reprogram- 
mable, multifunctional manipulator de- 
signed to move materials, parts, tools, or 
other specialized devices through variable 
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programmed motions for the performance 
of a variety of tasks.” 

All the RIA definition really says is that 
an industrial robot is a device that per- 
forms a variety of tasks by moving around. 
The definition makes no mention of the 
robot’s ability to be interfaced with its 
working environment, its ability to control 
or synchronize itself with the equipment 
with which it is working, or its ability to 
react to changes within the process it is 
performing. Consequently, the RIA defini- 
tion of an industrial robot simply doesn’t 
apply to the “third-generation robots of the 
eighties.” 

What, then is a “third-generation in- 
dustrial robot”? To answer this question, 
one must examine and compare the char- 
acteristics of first- and second-generation 
robots. 


FIRST-GENERATION ROBOTS 
First-generation robots were very “low- 
technology” devices that did not operate 
under servocontrol. Consequently, they 
were often referred to as “slam bang” 
robots, a term that referred to the sound 
these devices made as their arms slammed 


and banged into hard, mechanical stops, 
which were used to restrict their 
movement. 

Almost all of the first-generation robots 
were pneumatically powered. Their con- 
trollers usually consisted of air logic 
elements, indexing drums with cams that 
activated air valves, or relays that operated 
air solenoid valves. 


SECOND-GENERATION R OBOTS 

Second-generation robots were medium- 
technology devices that operated under 
servo control. Consequently, they could be 
programmed to move from point to point 
or in a continuous path. Their controllers 
were either programmable logic controllers 
or minicomputers, and they were pro- 
grammed on line by means of a hand-held 
push-button pendant. 

Second-generation robots had dedicated 
application software, which meant that if 
the robot was performing a task such as 
machine loading, it would be extremely dif- 
ficult and costly to use it for another task 
like resistance welding. To do so would re- 
quire substantial modifications to the 
robot’s control system and operating 
software. 


Second-generation robots also had 
limited diagnostic capabilities. Typically, 
they used indicator lights to alert the 
operator to a malfunction. It was then up 
to the operator to diagnose the malfunc- 
tion by either observing the robot’s actions 
or searching through troubleshooting 
charts and schematics. 


THIRD-GENERATION ROBOTS 

As stated earlier, third-generation robots 
perform operations that are beyond the 
capabilities of first- and second-generation 
robots. The following is my own definition 
of a third-generation robot: 

“A reprogrammable, computer-controlled 
machine that can be programmed to per- 
form a variety of tasks normally ac- 
complished by human beings and capable 
of being interfaced with its environment to 
interact intelligently with the equipment 
with which it is working, and able to adapt 
its operation within the overall process 
through the acquisition of sensory data.” 
Now that we’ve established a definition 
of third-generation robots, let’s see how 
their characteristics differ from first- and 
second-generation robots. 
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THIRD-GENERATION CHA RACTERISTICS 

Third-generation robots are high- 
technology devices. They operate under 
servo control and can be programmed to 
move in both a point-to-point and a 
continuous-path fashion. They can be pro- 
grammed either on line by means of a 
hand-held push-button pendant or off line 
via a keyboard and CRT screen. Third- 
generation robots use high-level program- 
ming languages and can be interfaced with 
a CAD database or a host computer for 
uploading and downloading programs. 

Their control systems can process sen- 
sory data to adaptively control movements 
to compensate for changes in part fit-ups, 
part location, and part orientation. By 
using sensory feedback data and by being 
interfaced to a CAD database or host com- 
puter, third-generation robots can provide 
the operator with messages describing the 
nature and location of a malfunction. 

THIRD-GENERATIO N AP PLICATIONS 

Today, third-generation robots are being 
used to perform such tasks as adaptive arc 
welding, in which the robot uses vision or 


through-the-arc sensing to locate a weld 
joint and obtain information to guide it 
through the welding process. 

They are used to drill and route both 
aluminum and composite components for 
aerospace vehicles using both off-line pro- 
gramming techniques and visual sensing. 

Third-generation robots are also being 
used for nondestructive testing of 
aerospace components, especially those 
having compound contoured surfaces. By 
interfacing to a CAD database containing 
geometric data for a specific part and using 
tactile sensor technology, third-generation 
robots can execute an inspection routine 
in a partially self-programmable manner. 

Through off-line programming tech- 
niques, these robots can perform such in- 
tricate assembly tasks as the complete 
assembly of wire harnesses for aircraft. 


THE NEXT GENERATION 

Third-generation robots are real and they 
are in operation today. But what about the 
future? What about fourth-generation 
robots? What will they be like? 


In my opinion, fourth-generation robots 
will probably be nonmetallic devices. As 
prices for high-technology material con- 
tinue to drop, we’ll probably see robots 
built from filament-wound material or 
graphite composites. In addition to lighter 
weight, these robots will be more rigid than 
the third-generation robots of today. 
However, these fourth-generation robots 
will be very mechanically inaccurate, “slop- 
py” if you will. But they will use visual and 
tactile sensing to give them the “true” eye- 
hand coordination they will need to per- 
form the most intricate of tasks. 

By the 1990s, microprocessor technol- 
ogy, control algorithm development, and 
specialized software will probably reach a 
point where the only limitations for apply- 
ing industrial robots will be those of the 
human imagination. 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 
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A CRITIQUE OF 
THREE GRR>FER DESIGNS 


Mitchell S. Alexander 
New York Institute of Technology 
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Old Westbury, NY 11568 
Source ID: BCE252 


Gripper technology has advanced from 
two opposing jaws to multifingered human 
hand simulators. However, most grippers 
currently used are still primitive in design 
and can generally grasp only predefined 
objects. The trend in gripper design is 
toward either multipurpose grippers or 
those that can easily be modified for 
various tasks. 

Photo 1 shows a general-purpose grip- 
per. Some specifications, however, were set 
before the designing began. It should be 
able to lift heavy loads, push objects when 
its jaws are closed, be maneuverable with 
the existing robotic arm, and grasp many 
different objects. This gripper’s primary use 
is for research on a hydraulic/electric arm. 



Photo 1. A general-purpose stepper motor controlled 
gripper. Any jaw opening distance can be set under 
software control without hard tooling changes. 


The jaws can grasp objects up to 7 in. 
(17.7 cm) in diameter. A unipolar stepper 
motor with a holding torque of 36 oz.-in. 
(254 mNm) and a step angle of 7.5 degrees 
provides the gripping force. Gear reduction 
is added so that one revolution of the 
motor shaft produces 0.25 in. (0.64 cm) 
of jaw travel. 


The parallel moving jaws are constructed 
of aluminum and brass. Since the jaws 
move in a parallel fashion, they are able 
to grasp many differently shaped objects. 
With the addition of perpendicular grooves 
in each jaw, they can grasp such objects 
as a cylinder, a sphere, a spheroid, a cube, 
objects with parallel sides, and noncon- 
forming shapes. With the motor and gear 
train mounted, the unit weighs approx- 
imately 8 lbs. (3.5 kg). This is quite heavy 
for an end effector and requires a power- 


ful arm to manipulate it. 

The stepper motor is controlled by an 
SSA-1027 drive chip and accompanying 
circuits. The arm/gripper control computer 
must send out a pulse train and a direction- 
of-rotation bit to control the gripper. It 
must also receive positional feedback from 
an incremental optical encoder that is 
mounted on the output of the gear reduc- 
tion shaft. The gear reduction arrange- 
ment used to multiply stepper motor 
torque is shown in Figure 1. 



Figure 1. Mechanical schematic of the general-purpose gripper shown in Photo 1. 

ROBOTICS AGE May 1985 17 



Photo 2 shows another general-purpose 
research prototype gripper. This one 
weighs only 2 lbs. (0.9 kg). Its present con- 
figuration includes modifications that allow 
it to grasp both integrated circuits and a 
needle-holding fixture (Photo 3). There are 
rubber pads on the edges of the integrated 
circuit gripping area. The dowel that pro- 
trudes from one jaw is used to center the 
needle fixture. Gripper movement is sup- 
plied by a 12-VDC, 5000-rpm motor 
through a 75:1 gear reduction. The out- 
put of the gearbox is then attached to a 
pinion gear that moves the rack gear 
mounted jaws. A current-limiting resistor 
is used in series with the motor to allow 
a locked-shaft condition that occurs when 
the jaws are kept closed. 



Photo 2. A fixed-gap gripper that uses feedback from 
a limit switch (see Figure 2) to override activation of 
its motor. Retooling the jaw gap requires manual ad- 
justment of the switch. 



Photo 3. The fixed-gap gripper of Photo 2 shown 
holding a needle in a fixture. 
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This gripper is constructed of aluminum. 
Because these jaws also move in a parallel 
manner, they can easily grasp an integrated 
circuit. The drive motor operates from an 
output bit on the robot’s control computer. 
If the bit is set high, the gripper closes; 
if the bit is set low, it opens. This type of 
operation is typical of most assembly robot 
end effectors: they are either on or off, 
open or closed. A limit switch is used to 
detect end of jaw travel and then disable 
the motor (Figure 2). Because the limit 
switch is the only type of positional feed- 
back used, the jaws will always apply the 
same pressure against any object they are 
trying to grasp. Adjusting the limit switch 
mechanically sets the width of the jaw 
opening. 



\ +12V 

1—1 * 

Figure 2. Activation circuit with limit switch for the 
gripper of Photos 2 and 3. 

Photo 4 shows another integrated cir- 
cuit package gripper. This one weighs less 
than 1 lb. (0.4 kg) and is also constructed 
of aluminum, except for the steel integrated 
circuit contact area. Jaw travel is supplied 
by a solenoid; there are thus only two 
possible positions— open or closed. The 
jaws pivot at the outermost edges (Figure 
3). Dowels on the inner edges link both 
jaws to a lateral bar that is then attached 
to the plunger of the solenoid. A single bit 
can also control this gripper. When the bit 
goes high, the solenoid pulls the plunger 
down, overcoming the return spring. When 
the bit goes low, the return spring pulls the 
jaws open. 

The last two grippers can do the same 
task of grasping dual in-line integrated cir- 
cuit packages as the first. They are less 
general purpose because they must be 
reconfigured to accommodate different 
width packages. The second gripper closes 
its jaws to the proper width as programmed 
by the limit switch, while the third has an 
alternate set of spacing holes, which allow 



Photo 4. A solenoid-operated gripper, the crudest, 
lightest, and least expensive of the configurations 
shown here. Activating the solenoid causes the jaws 
to come crashing into their physical limit stops. 
Retooling requires adjusting the limit stops. 



Figure 3. Mechanical schematic of the solenoid grip- 
per seen in Photo 4. 

for a smaller width. The third one can also 
use a different set of steel integrated cir- 
cuit graspers, such as those that would be 
necessary for 16-pin vs. 20-pin packages. 
Simple tooling to different parts is neces- 
sary with these designs: readjusting the 
limit switch in gripper #2 and refabricat- 
ing a small part in gripper #3. 

Retooling a robot with a different end 
effector is very inexpensive when compared 
to the overall cost of the robot and its work 
cell environment. However, to the small 
company, any avoidable expense is too 
much. Thus, the trend is toward multipur- 
pose and easily reconfigurable grippers, 
and even the expensive, complex handlike 
manipulators. In comparing the three 
forms of gripper design, the one-time ex- 
pense and weight penalties of a more 
general-purpose gripper may prove more 
cost-effective in the long run if tooling 
changes are frequent. 

Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 
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Continued from page 6 

20- 22 May. Introduction to Programmable 
Controllers. Bowling Green State University, 
Bowling Green, OH. Contact: Judy Jennings, 
School of Technology, Bowling Green State 
University, Bowling Green, OH 43403, 
telephone (419) 372-2436. 

This program, cosponsored by the universi- 
ty and General Electric Supply Co., will feature 
sessions on programmable computer basics, 
micro and mini personal computer hardware, 
programming, communications, and retrofit vs. 
new PC installation. Hands-on practice will also 
be offered. 

21- 22 May. CIM Strategies for Competitive 
Batch Manufacturing. Hyatt Regency Hotel, 
Dearborn, ML Contact: Sharilyn Shampine, 
Program Administrator, Computer and Auto- 
mated Systems Association of SME, One SME 
Dr., PO Box 930, Dearborn, MI 48121, tele- 
phone (313) 271-1500, ext. 386. 

Topics to be covered in this seminar include 
achieving CAD/CAM benefits using MRP II con- 
trolled cellular manufacturing, design tech- 
niques for manufacturing cells, using group 
technology to obtain just-in-time benefits in a 
batch environment, and rationalized factory 
automation and plant layout. 

22 May. The Robotic Assembly Work Cell. On- 
tario Robotics Centre, Peterborough, Ontario. 
Contact: Susan Harvey, Workshop Registrar, 
Ontario Robotics Centre, 743 Monaghan Rd., 
Peterborough, Ontario, Canada K9J 5K2, 
telephone (705) 876-1611 (Peterborough) or 
(416) 675-4363 (Toronto). 

This workshop is directed toward companies 
and individuals seeking a practical introduction 
to the robotic assembly process. It will be of 
specific interest to managers and engineers con- 
sidering the purchase of a robotic assembly 
work cell now or in the near future. 

22- 23 May. Writing Better User Manuals. Mar- 
riott Oak Brook Hotel, Oak Brook, IL. Con- 
tact: Registrar, Battelle/BSSP, 4000 N.E. 41st 
St., Seattle, WA 98105, telephone (206) 
527-0542 (in Washington) or (800) 426-6762. 

The seminar, worth 1.3 continuing education 
units, will focus on the design and evaluation 
of user-friendly manuals. Features to be dis- 
cussed include page layout, screen displays, con- 
tent hierarchy, systematic review, appropriate 
practice, and glossaries. 

30-31 May. CAD/CAM for the Small Manufac- 
turer. Contact: Judy Jennings, School of 
Technology, Bowling Green State University, 
Bowling Green, OH 43403, telephone (419) 
372-2436. 


Jointly sponsored by the university and 
Anilam Electronics Corp., the workshop will 
focus on CNC programming, CAD/CAM equip- 
ment, programming, and post processor inter- 
facing to machine tools. Hands-on experience 
offered will include design geometry, CNC pro- 
gramming practice, and machine-tool setup and 
operation through post processor software. 

30 May-1 June. Computer-Aided Design in 
Magnetics. Lory Student Center, Colorado State 
University, Fort Collins, CO. Contact: Monika 
S. Renner, lnfolytica Corp., 1500 Stanley St., 
Suite 430, Montreal, Quebec, Canada H3A 
1R3, telephone (514) 849-8752. 

This short course will address analysis 
methods for CAD in magnetics, magnetic 
material representation, computational models 
and problem setups, formulation of field pro- 
blems, and post processing of field solutions. 


JUNE 

3-5 June. 1985 Eastern Design Engineering 
Show and ASME Conference. Bayside Exposi- 
tion Center, Boston, MA. Contact: Show 
Manager, Eastern Design Engineering Show, 
Cahners Exposition Group, 999 Summer St., 
Stamford, CT 06905, telephone (203) 964-8287. 


Conference organizers describe the con- 
ference as “the first such East Coast event since 
such new technologies as CAD/CAM and com- 
posite materials have revolutionized the design 
engineering field.’' An outgrowth of the 32-year- 
old national show, the conference will have the 
same goals: the design of new products and the 
redesign of conventional products with concen- 
tration on improving the productivity of design 
engineers. 

The design engineering division of the 
American Society of Mechanical Engineers will 
sponsor a program covering areas that have 
developed as the result of advances in computer 
technology, such as CAD/CAM, finite element 
analysis, composite materials development, and 
artificial intelligence and expert systems. 

3-6 June. Robots 9. Cobo Hall, Detroit, MI. 
Contact: RI/SME Public Relations, One SME 
Dr., PO Box 930, Dearborn, MI 48121, 
telephone (313) 271-0777. 

Almost everything that can be said and seen 
on the subject of robots will be offered at Robots 
9 when 80 or more robotics experts discuss new 
breakthroughs in systems software, remote ap- 
plications, vision, intelligent controls, manage- 
ment perspectives, and R&D. Other sessions will 
consider new developments in mechanical and 
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"Dusting the source" 


ROBI. . .an affordable interface for the 
robotics experimenter. Easy hook-up (8 
screws on H ERO ®, 1 card slot on Apple ® 1 1 
or lie) and a low price are combined with 
extra capabilities in the ROB! computer/ 
robot interface. 

ROBI SPECIFICATIONS: 

• 4 programmable, bidirectional, 8-bit ports 

for interface and expansion 

• programmable control over handshaking 

• access to signals through tie point blocks 

on robot’s Experimental Board 

• 6-foot cable for interface, limited remote 

operation 

• user-friendly software quickly transfers files 

between computer and robot; stores and 

retrieves files to and from disk 

• not copy protected. Software is provided in 

DOS 3.3 

• liberally commented source code included 


BERSEARCH 

Information Services 

26160 Edelweiss Circle 
Evergreen, CO 80439 
(303) 674-0796 



Circle 4 


ROBOTICS AGE May 1985 1 9 



Circle 19 


Calendar 


M R0B0T-0-GRfm» 

AN AFFORDABLE ROBOT THAT’S YOURS FOREVER! 

Surprise someone with this amazing gift. Our 
remote-control, inflatable robot stands near- 
ly 4' tall. Choose from a Butler, Master Chef 
or French Maid to serve cocktails and hors 
d’oeuvres or deliver the morning paper. Each 
robot will be delivered complete with uniform, 
hat, serving tray and champagne glasses and 
will operate on both carpeted and hard floor 
surfaces at distances over 75 feet. You may 
also customize your robot to fit a specific oc- 
casion (additional charge). 

FANTASTIES FULFILLED! 

Balloons fizzle and flowers wilt, but our robots 
come with their own guarantee. 

"Show someone you give-a-damn, 
Send a ROBOT-O-GRAM!" 

ROBOT-O-GRAMS, INC. 

105 Belcher Avenue, Brockton, MA 02401 

MC/VISA $150 Call (617) 580-0131 



SOFTWARE 

FOR 

MOTION 

CONTROL 

Intelligent software utilities for step- 
ping motors and real world control. 

• 6 AXIS MOTION + I/O port control 

• COORDINATED motion for 
geometric interpolation 

• LINEAR ACCEL/DECEL, END 
VELOCITY, and TRAVEL TIME 
selection 

• Allows use of existing hardware 

• Frees program developer to write 
high level tasks 

• “C” and Assembly Interface 

• Available for 8085/8080mP with 
parallel port and interrupts 


REAL TIME LOGIC 

8306 Wilshire Blvd., Suite 355 
Beverly Hills, CA 90211 
(213) 934-3667 


electronic assembly, robot programming 
languages, safety, aerospace applications, 
human productivity implications, robot design, 
and justification and decision making. 

In addition, there will be an exhibition of 
more than 250 robots and robotic systems dem- 
onstrating welding cells, laser processing, water- 
jet cutting, material handling, assembly, gantry 
applications, and other manufacturing opera- 
tions. Many of the systems will be equipped with 
the latest vision and tactile sensors, new con- 
trols and positioning devices, and end effectors 
and tooling. 

6-7 June. Workshop on Robot Standards. 
Ponchartrain Hotel, Detroit, MI. Contact: 
Leonard Haynes, A123 Metrology Building, 
NBS, Gaithersburg, MD 20899, telephone (301) 
921-2181. 

The National Bureau of Standards and the 
Navy’s Computer-Integrated Manufacturing 
Technology Program will sponsor a workshop 
on robot standards in conjunction with the 
Robots 9 conference. Planned topics include 
control system interfaces to robots, sensors, 
databases, and high-level control systems; 
mechanical interfaces to grippers and other end 
effectors; programming languages and en- 
vironments; measures of performance; and 
human interfaces. 

The workshop is cosponsored by the Robotic 
Industries Association, the American Society 
for Testing and Materials, the Institute for Elec- 
trical and Electronic Engineers, the American 
National Standards Institute, and the Electronic 
Industries Association. 

10-14 June. Robot Manipulators, Computer Vi- 
sion, and Intelligent Robot Systems. The 
University of Stirling, Stirling, Scotland. Con- 
tact: Director of the Summer Session, 
Massachusetts Institute of Technology, Room 
E19-356, Cambridge, MA 02139, telephone 
(617) 253-2101. 

The aim of this course will be to prepare the 
participant for the sophisticated methods soon 
to be employed in advanced automation. Em- 
phasis will be placed on developing strategies 
for the solution of problems in sensing, spatial 
reasoning, and manipulation. The use of ex- 
isting industrial robots and binary vision systems 
will be covered also. 

12-15 June. 1985 Rochester Forth Conference. 
University of Rochester, Rochester, NY. Contact: 
Maria Gress, Institute for Applied Forth 
Research, Inc., 70 Elmwood Ave., Rochester, 
NY 14611, telephone (716) 235-0168. 


The focus will be on software management 
and engineering, and invited speakers will 
discuss the use of Forth in large projects, 
modifications to the language aimed at improv- 
ing productivity, and contrast its use in business 
and scientific environments. Papers to be pre- 
sented will cover various aspects of implement- 
ing and applying Forth, including robotics, 
graphics, Forth chips, and real-time systems. 

The final day of the conference will be open 
to the public at no charge, and will be devoted 
to panel discussions and presentations by Forth 
vendors. 

18-20 June. Canadian Robotics Show. Inter- 
national Centre of Commerce, Tbronto, Canada. 
Contact: Ron McCreary, Robotic Industries 
Association, PO Box 1366, Dearborn, MI 
48121, telephone (313) 271-7800, or Hugh F. 
Macgregor & Associates, 360 Consumers Rd., 
Willowdale, Ontario, Canada M2J 1P8, 
telephone (416) 491-9656. 

This new event is a response to the Cana- 
dians’ rising interest in robotics, which is 
creating new marketing opportunities for U.S. 
robot suppliers, according to an RIA 
spokesman. Running concurrently will be the 
fourth annual Canadian CAD/CAM show. Also, 
some of the exhibitors from the Robots 9 show 
are expected to display their products at the 
Canadian Robotics Show. 

18-20 June. AMS ’85. O’Hare Exposition 
Center, Rosemont, II. Contact: AMS, Cahners 
Exposition Group, 999 Summer St., Stamford, 
CT 06905, telephone (203) 964-0000. 

The fifth annual Advanced Manufacturing 
Systems Exposition and Conference will feature 
an “automation island,” a completely automated 
and computerized manufacturing system in ac- 
tual operation. Set off in a large area on the 
exhibit hall floor, the island will include such 
equipment as automated production robots; 
assembly machinery; a guided vehicle system 
for materials transfer; and computerized iden- 
tification, information processing, and control 
equipment. 

24-27 June. Fourth International Symposium 
on Unmanned Untethered Submersible Tech- 
nology. University of New Hampshire, Durham, 
NH. Contact: Carol Bryant, University of New 
Hampshire, Marine Systems Engineering 
Laboratory, PO Box G, Durham, NH 03824, 
telephone (603) 749-6056. 

This symposium will cover subjects such as 
acoustics/communications, imaging, control 
dynamics, artificial intelligence, data sources/ 
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sinks, and knowledge-based guidance. The em- 
phasis will be on stimulating informal interac- 
tion among the participants. A one-day classi- 
fied session is also planned. 

27-28 June. Writing Better User Manuals. 
Marriott Oak Brook Hotel, Oak Brook, IL. Con- 
tact: Registrar, Battelle/BSSP, 4000 N.E. 41st 
St., Seattle, WA 98105, telephone (206) 
527-0542 (in Washington) or (800) 426-6762. 

The seminar, worth 1.3 continuing education 
units, will focus on the design and evaluation 
of user-friendly manuals. Features to be dis- 
cussed include page layout, screen displays, con- 
tent hierarchy, systematic review, appropriate 
practice, and glossaries. 

27-28 June. First Annual Workshop on 
Robotics and Expert Systems. Johnson Space 
Center, NASA, Houston, TX. Contact: Dr. Fred 
King, Registration Chairman, Ford Aerospace/ 
M4B, PO Box 58487, Houston, TX 77258, 
telephone (713) 280-6868. 

The workshop, cosponsored by the Robotics 
and Experts Systems Group and ISA Clear Lake 
Galveston Section, will feature technical papers 
on expert systems, industrial robotics, computer 
algebra, AI for man/machine communications, 
teleoperations and space robotics, sensors and 
vision, distributed AI, and automated program- 
ming. There will also be tutorials on expert 
systems and industrial automation. 


JULY 

8-12 July. Robot Manipulators, Computer Vi- 
sion, and Automated Assembly. Massachusetts 
Institute of Technology, Cambridge, MA. Con- 
tact: Director of the Summer Session, Room 
E19-356, Massachusetts Institute of Technology, 
Cambridge, MA 02139, telephone (617) 
253-5863. 

This short course in industrial robotics is be- 
ing offered under the auspices of MIT’s Artificial 
Intelligence Laboratory. The 57 topics to be 
covered fell under the general headings of robot 
manipulators, computer vision, automated 
assembly, applications, and systems com- 
ponents. The emphasis of the course will be on 
developing strategies for the solution of prob- 
lems in sensing, spatial reasoning, and 
manipulation. 


SEPTEMBER 

6-8 September. International Personal Robot 
Congress & Exposition. Moscone Center, San 
Francisco, CA. Contact: Sharon D. Smith, 
Chair, IPRC ’85 Organizing Committee, 8822 


S. Martin Lane, Conifer, CO 80433, telephone 
(303) 674-5650. 

The second annual IPRC, expected by the 
organizers to attract over 2500 personal robot 
enthusiasts, will feature seminars on personal 
robot software and hardware, human services, 
robots in space, the business of personal robots, 
and personal robots in education. There will 
also be an exhibit by leading commercial 
manufacturers of personal robots, sensors, and 
related equipment. In addition, there will be 
displays by personal robot developers who have 
created their own robots in workshops and 
garages. 


Letters 


A R OBOT IS A ROBOT 

Your editorial in the March issue seemed to 
indicate a trend away from coverage of the “per- 
sonal” robots so as to more fully cover the in- 
dustrial types. I would guess that a large pro- 
portion of your readership is primarily in- 
terested in the personal robot, and I surely hope 
that this coverage isn’t to be phased out. Yours 
is about the only source for information in this 
area, and would be greatly missed were it to 
be curtailed. 

Yours very truly, 
Paul Swan 
2930 Randy Ln. 

Dallas. TX 75234 

Robotics is a varied and far-ranging field. 
Since Robotics Age was founded in 1979 we 
have tried to cover every aspect and applica- 
tion of robotic technology, from industry to 
medicine to basement experimentation. We 
have watched and reported on developments 
in the relatively new commercial area of per- 
sonal robotics, and we intend to keep doing so. 
The technical articles that are the magazine's 
lifeblood come from every area of robotics. 

Joseph Engelberger, a pioneer in industrial 
robotics and an enthusiast of personal robotics, 
has said that a robot is a robot, whatever its 
application. The fundamental challenge is the 
same: to combine hardware, software, mechani- 
cal, and electrical engineering principles to 
design systems that can duplicate— or improve 
upon— human effort. Or to do work humans 
either can't or don't want to do. 

Robotics Age will indeed be giving more at- 
tention to industrial robotics than it has in the 
past, but we believe this represents an expan- 
sion of interest and not a turning away from 
personal robotics. The magazine remains as it 
was originally conceived: the Journal of In- 
telligent Machines. 



Controls up 
to 4 motors 


From any CRT 
terminal or 
computer 


STEPPING 
MOTOR 
CONTROLLER 
PLUG IN AND GO! 


• powerful 5 amps/ • acceleration 

winding deceleration 

• RS232 interface *1-4 axis moves 

Standard Version with BASIC $985 

1 6K BASIC with Battery Backup $1 335 

CNC Version $1950 

CNC Manual $12 

Stepping Motor Tips Cookbook $8 

CENTROID (814) 237-4535 
Box 739, State College, PA 16804 


HERO SOFTWARE ON A CHIP 

Demorobo— 4K ROM that demonstrates HERO's abilities 
as well as explain how they work. $49.95 

Abuseramuser-4K ROM that will shock your friends. Gives 
HERO a nasty' personality. $49.95 

Henny HERO— 4K ROM that transfers your HERO into 
the king of computer based humor $49.95 

Socket Extender— Relocates any ROM socket for easy 
ROM changes. Cable and zif socket included. $59.95 

2K-4K EPROM burn service available for user designed pro- 
grams. Custom 2K-4K programs written on request. 

Send check or money order to 

Silicon Technologies 
6 Deacon Court 
Melville. NY 11747 
Technical support: 516-643-2069 eves 

Add $1 for S&H. NY state residents please add sales tax. 
HERO is a registered trademark of Heath Comp. Software 
guaranteed defect-free for a period of one year from 
purchase. 
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Computer Vision System 

he IntelleVue™ 200 Computer Vi- 
sion System, described as a low-cost 
solution to the need for sophisticated yet 
flexible vision systems, has been introduced 
by Intelledex. IntelleVue 200 can perform 
stand-alone inspection applications or work 
with other automation equipment for guid- 
ance in parts handling and assembly tasks. 
It is available as a plug-in option for all In- 
telledex robots. 

The system is programmable off line with 
a simulator, can be used with fixed or wrist- 
mounted cameras when working with ro- 
bots, and accepts plug-in options for mem- 
ory or function expansion. It is compatible 
with SECS II protocol. 



IntelleVue 200 offers a complete set of 
grey scale and binary vision-processing 
algorithms. Features include windowing, 
connectivity analysis, pixel counting, and 
special algorithms for character recognition 


of ANSI standard fonts OCR-A and OCR- 
B. The system, which runs on VISION 
BASIC7 m can be programmed either with 
a terminal or an IBM-compatible personal 
computer on line or off line. 

IntelleVue 200 can be used for applica- 
tions that require part recognition and 
orientation, inspection, measurement, and 
robot guidance. These include use with 
semiconductor test and processing systems, 
integration with robots in assembling disk 
drives, and inspecting printed circuit boards 
at various stages of the production process. 

For more information, contact: Rollie 
Woodcock, Intelledex, 4575 S.W. Research 
Way, Corvallis, OR 97333, telephone (503) 
758-4700. Circle 40 



Modular Motion Controller 

new generation of Robo-Con, a 
modular motion controller, has been 
introduced by Kurt Manufacturing. The con- 
troller supports data network communica- 
tions capabilities with IBM-compatible per- 
sonal computers and interfaces with CAD / 
CAM systems. The basic starter package 
comes with 34 Kbytes of RAM, but the 
memory capacity can be increased to 1024 
Kbytes. The company describes Robo-Con 
as practical and affordable for small to large 
applications and simple enough to be in- 
tegrated with a minimal amount of electrical 
interfaces and communications software. 



The controller has many features. Part 
programs can be created on tape prep sys- 
tems or personal computers and download- 
ed to the Robo-Con on a local or remote 
communications basis. Motion programs 


can be taught in either point-to-point or 
continuous-path operational modes. Soft- 
ware is available for robotics, including 
material handling, spray painting, coating, 
gluing, and welding, as well as flame cut- 
ting, woodworking, laser cutting, metal spin- 
ning, coordinate measuring, and NC ma- 
chines. Other software options include scal- 
ing, editing, circular interpolation, tool wear 
compensation, branching, looping, subrou- 
tines, and network protocols. 

For more information, contact: David 
Olson, Kurt Manufacturing Co., 5280 North- 
east Main St., Minneapolis, MN 55421, 
telephone (612) 572-1500. Circle 41 



Ball-Bearing Lead Screws 

line of ballbearing lead screws, both 
precision-ground and the commercial 
thread type, is available from 20th Century 
Machine. The ballscrews are said to provide 
accurate and dependable linear motion for 
applications including machine tools, robots, 
precision positioning tables, and instru- 
ments. They are described as particularly 
well-suited for use in designs that are sub- 
jected to high-speed and/or high-load 
conditions. 

The ballscrew threads are precision 
machined rather than rolled, producing 
deeper threads to maximize unit load and 
life. They provide linear travel accuracy 
based on thread-length tolerances under 
0.003 in. per foot of length, cumulative. 



They are straightened to 0.002 in. T.I.R. for 
lengths up to 4 ft., to 0.004 in. for lengths 
of 4 to 10 ft., and to 0.006 in. for lengths 
over 10 ft. The concentricity of the journals 
to the screw is held to within 0.002 in. T.I.R. 


The ballscrews use a patented, internal 
ball return nut rather than an external ball 
return tube to reduce the possibility of a 
tube’s bursting. The company’s screws fea- 
ture a ball return track made by gun-drilling, 
EDM, and other techniques. T\vo standard 
nut configurations are available, round and 
cam-shaped (for replacing tube type units). 

The company offers lead screws with a 
standard error of less than 0.0005 in. per 
foot of length. There are four designs, with 
diameters up to 6 in. and lengths up to 60 
ft. Super-precision designs have thread-lead 
tolerances of 0.0002 in. per foot or less. 

For more information, contact: Bud Hule- 
wicz, Director of Marketing, 20th Century 
Machine Co., 6070 E. Eighteen Mile Rd., 
Sterling Heights, MI 48078, telephone (313) 
536-0260. Circle 42 
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Robotic Welding Station 

\ robotic welding station for medium- 
sized workpieces has been introduced 
by ESAB. The ORBIT 160B can handle 
workpieces up to 350 lbs. (160 kg), including 
fixture. The new station integrates robot 
movement with the servocontrolled ORBIT 
positioner and also controls the welding 
equipment. 

Because the positioner is programmed 
and guided from the robot’s computer, the 
same system controls all nine servo axes— 
five of the robot’s and four of the posi- 
tioner’s. This synchronization allows the 
workpiece to be manipulated at the same 
time the welding gun is being positioned. 
In addition, ORBIT 160B can move the 
workpiece and weld at the same time and 
can handle nonstop welding on joints that 
normally require different sequences, 
separated by positioning movements. Adap- 
tation of the positioner’s rotation speed and 
position to the robot’s permits consecutive 
welding of geometrically complicated joints. 

The servocontrolled drive units produce 
movement that is highly precise and ex- 
tremely fast, the company says. Repetitive 
accuracy is ±0.004 in. (0.1 mm) measured 
at a radius of 19.68 in. (500 mm). The OR- 
BIT’S movement pattern rotates the work- 
piece around its own center of gravity, pro- 
ducing a tighter working range and max- 
imizing the robot’s reach. 

A screen separates the ORBIT 160B’s two 
stations. The robot can weld continuously 
on one side of the screen while the operator; 
protected from glare and sparks, loads and 
unloads parts on the other. By changing fix- 
tures, a number of different workpieces can 
be welded at the same station, and since sta- 
tion shifting requires operator acknowledg- 
ment, the operator is in full control. 

For more information, contact: ESAB 
North America, Inc., Robotic Welding Divi- 
sion, PO Box 2286, Fort Collins, CO 80522, 
telephone (303) 484-1244. Circle 43 


Robotic Arc- Welding 
Work Cell 


/\ robotic arc-welding work cell said to 
-/j. maximize joint accessibility has been 
introduced by Advanced Robotics Corp. The 
Cyro® 1000 RP Five-Axis Positioner is a 
twin-table, pneumatic microprocessor- 
controlled positioner that allows the oper- 
ator to load or unload parts on one end 
while the robot is welding on the other. The 
operator stays outside the robot’s work enve- 
lope. The positioner provides high-speed 
parts transfer, reducing the robot’s waiting 
time and increasing work-cell utilization. 



There are five axes: two tilt, two rotate, 
and one index. Part accessibility is provided 
by eight fully programmable stops in rotate 
and four in tilt. The cell also offers precise 
control of indexing motions to allow faster 
indexing between welds. The Cyro C-30 con- 
trol commands all position motions. The 
positioner uses an independent platen and 
control, allowing the operator to jog the 
table manually to facilitate loading and 
unloading part assemblies. 

The Cyro 1000 provides 1000 mm reach 
with a ±0.2 mm repeatability. Software 
features include weld path weave, torch- 
angle compensation, and real-time control 
of weld process variables. Joint, linear, and 
circular interpolation and program shift and 
transformation are designed to simplify 
programming. 

For more information, contact: Advanced 
Robotics Corp., 777 Manor Park Dr., Co- 
lumbus, OH 43228, telephone (614) 
870-7778. Circle 44 


PROJECT 

DESIGN 

Skip the microprocessor 
design and get right 
to your project with 
a project board from 
HAWTHORNE TECHNOLOGY. 

- Available for most 
popular processors: 
6502, 6803, 9995, Z80 

- Four memory sockets 
28 pin, byte wide. 
Strap for RAM or PROM 

- Serial RS-23 2 port 

- At least one counter- 
timer 

- Programmable parallel 
ports 

- Approx. 20 sq. in. of 
plated through bread- 
board area 

- Assembled and tested 

- $ 200.00 

Call or write: 

HAWTHORNE TECHNOLOGY 
8836 S.E. Stark 
Portland, Or 97216 

(503) 254-2005 


THE SOFTWARE SCIENCE 
MICROTELEMETRY MODULE 



Your sensors and the Software Science Microtelemetry 
Module can put analog data and control at your com- 
puter or terminal's fingertips. 


( 513 ) 561-2060 

CALL OR WRITE 
FOR TECHNICAL FLYER 



P.O. Box 44232, 
Cincinnati, Ohio 45244 


Circle 21 
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New 

Products 


Five-Axis Robot 
with Gripper Fingers 

L aSalle Machine Tool has announced 
what it believes to be the first five-axis 
robot with universal gripper fingers to be 
applied in full-scale, computer-aided manu- 
facturing systems. The robot is described as 
having two personalities, a tool engineer 
during full-scale production and an assembly 
worker. 

When commanded by the host computer 
of an automatic line, the robot takes the 
assembly press apart, quickly reassembling 
it to ready it for handling a different size 
part. It handles arbors and fixtures with the 
same “sticky fingers,” as the company terms 
them. 

After an assembly changeover, the robot 
picks up parts to be assembled from a pallet 
and places them, one at a time, in a rotating 
fixture mounted under a vision camera for 
part size verification and radial orientation. 
Then the robot regrips the part, swings it 
and inserts it into a special collet, clears the 
assembly machine, and signals it to begin 
its assembly cycle. 

As the part is being processed, the robot 
turns and picks up another part and puts 
it into the orienting fixture. Meanwhile, the 
robot turns to regrip the completed part 
from the assembly machine, puts it into a 
take-away pallet, and turns again to grasp 



the part just oriented and put it into an 
empty collet indexed for position for loading 
by the assembly machine. Once the pallet 
has its assembled, four-part load, the robot 
signals the elevator of the automatic con- 
veyor for a take-away. The robot depends 
on a run of same-size parts for a repeating 
cycle. 

For more information, contact: LaSalle 
Machine Tool, 999 W. Big Beaver Rd., TVoy, 
MI 48084. Circle 51 


Force-Operated Joysticks 

/ nterlaken Technology’s new joysticks are 
based on force input rather than posi- 
tion, a feature said to improve operator feed- 
back. One-, two-, and three-axis versions are 
available. Zero adjustments provide for 
precise zero setting in critical applications. 
An applied force of ±10 lbs. creates a ±5 
VDC output from the internal electronics. 
The third axis is a thumb button with 0.5 
lb. force and 0-5 VDC output. 

The joysticks are built for industrial use. 
Applications include programming robots, 
industrial automation, and operator control 
of cranes, hoists, and special equipment. 

For more information, contact: Interlaken 
Technology Corp., 6535 Cecilia Circle, Min- 
neapolis, MN 55435, telephone (612) 
944-2624. Circle 52 



Literature and Brochures 

E\ur comprehensive databases on en- 
l vironment and computer/communica- 
tions technologies are available by subscrip- 
tion through ElC/Intelligence. The new in- 
formation services cover acid rain, CAD / 
CAM, artificial intelligence, and telecom- 
munications. Each database consists of a 
complete microfiche document collection, 
a monthly journal with abstracts of current 
material, and an annual cumulative index. 
Contact: ElC/Intelligence, Inc., Dept, of 
Marketing Services, 48 W. 38th St., New 
York, NY 10018, telephone (800) 223-6275 
or, in New York, (212) 944-8500. 

Circle 53 

A Robot in Every Home, by Mike Higgins, 
editor of Personal Robotics News , is ad- 
dressed to the questions: Why is personal 
robotics beginning to attract so much public 
attention? What can these robots do for us 
today and how are they likely to develop in 
the future? The 192-page book contains 50 
illustrations and includes a brand-name 
buyer’s guide to commercially available per- 
sonal robots. Contact: Kensington Publish- 
ing Co., 6300 Telegraph Ave., Oakland, CA 

94609, telephone (415) 547-7100. 

Circle 54 

Robots in Manufacturing: Key to Interna- 
tional Competitiveness, by Jack Baranson, 
is a report on the design, production, mar- 
keting, and use of robots in Japan, the 
United States, and four Western European 
countries (Sweden, Norway, France, and Ita- 
ly). Topics covered include why automated 
manufacturing is important, why the United 
States is falling behind other nations, and 
what can be done to stem the decline in this 
country’s competitiveness. Contact: Lomond 
Publications, Inc., PO Box 88, Mt. Airy, MD 
21771. Circle 55 

Smart Robots , by V. Daniel Hunt, is in- 
tended to clarify technological principles 
and industrial applications of intelligent 
robots as well as current developments in 
the field. The 400-page book is an overview, 
compiled from a variety of research sources 
including technical seminars, government- 
funded studies, and users of robotics tech- 
nology. Contact: Technology Research 
Corp., 5631-L Burke Centre Parkway, Burke, 
VA 22015, telephone (703) 425-7949. 

Circle 56 
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New 

Products 



Soft Scanning 
Inspection System 

uto-Scan, new from LK Tool Co. Ltd., 
was designed to measure complex 
contoured surfaces. A soft scanning inspec- 
tion system, the Auto-Scan focuses on the 
increasing demand for objective and repeat- 
able measurement of two- and three- 
dimensional contours within an automatic 
measuring capability. The system is in many 
cases retrofittable to already installed 
multiuser-controlled CMMs. 

According to the manufacturer, the com- 
pany’s aim was to retain all the features of 
its earlier package, such as point-to-point 
data collection, data manipulation, probe 
compensation, curve fitting, and error calcu- 
lation, while adding new features: soft scan- 
ning action of CMM for data collection, 
measurement of re-entrant features, closed- 
loop scanning path, and free space orien- 
tation of the scanning/measuring plane. 

Unlike the “pecking” action of the digitiz- 
ing process, to which the CMM oscillations 
were unacceptable, the soft scan movement 
flows across the component surface. The 
measuring action is self-determining and 
curves into and out of the surface profile be- 
ing measured while the remaining axes con- 
tinually trace movement along the plane to 
be scanned. The resulting machine action, 
the company says, is a smooth and con- 
tinuous contact with the profile being 
measured. 

For more information, contact: LK Tool 
USA, Inc., 1625 W. University Dr., Suite 6, 
Tempe, AZ 85281, telephone (602) 
968-3786. Circle 49 


Cutter Path Software 

he XTAL Corp. (pronounced Crystal) 
has developed user-friendly software 
that enables NC and CNC machine opera- 
tors to plot eight standard and two user- 
definable views of a cutter path immediate- 
ly before postprocessing. CLPLOT is the 
company’s latest enhancement to its 
FACTO RYnet™ microcomputer system. 
FACTO RYnet integrates CAD/CAM, N Cl 
CNC, and CMM technologies, bypassing 
blueprints and paper tapes. 

CLPLOT allows shops that are not CAD / 
CAM equipped to see a cutter path and 
determine whether changes are needed 
before information is sent to the NC or CNC 
machine. It provides a hard-copy documen- 
tation of cutter paths. The new software’s 
menu options include six planar views, two 
isometric views, and two user-specified 
oblique projections. Each view can either 
center on a specific point or be plotted ac- 


cording to a number of scaling options, such 
as automatic scaling to fit a particular size 
paper, user-specified scale, and actual size. 

Feed moves appear on a plotted cutter- 
path illustration as solid lines, and rapid 
moves appear as dashes. Cycles appear as 
solid lines in a color different from that used 
to indicate feed moves. An optional axis and 
part origin indicator appears in a third col- 
or. CLPLOT can be used with APT CL files 
in seven formats: Auto-trol (Native Format), 
Calma, CDC CD2000 (APT 3), CV DADDS 
4, IBM (Apt AC), McAuto (Standard APT), 
and XTAL™ Condensed Binary. The soft- 
ware operates with the six-pen Hewlett- 
Packard 7475A plotter, which accommo- 
dates A and B size paper. 

For more information, contact: Bert 
Locke, XTAL Corp., 12217 Nicollet Ave., 
Minneapolis, MN 55337, telephone (612) 
894-9010. Circle 50 


Continued on page 36 


AUTOMATE AFFORDABLY 
WITH spectraLIGHT' 


■TM 


FEATURES: 

• Integrates with a personal computer (Apple lie 
11 +)* 

• Disk based menu driven software provides: 

• Quick development of NC programs 

• Graphic part verification 

• Manual and automatic lathe 
operation 

• Turns steel, aluminum, brass 
and plastic 

• Improves productivity for 
small production runs 

• Conventional CNC 
G and M codes 

• Cost-effective for train- 
ing new CNC operators 

'Apple is a trademark of Apple Computer Inc. 


INDUSTRIAL GRADE 
AUTOMATION 
ONLY 



♦ 


$ 2995 . 


LIGHT MACHINES CORPORATION 


669 East Industrial Drive, Manchester, NH 03103 
(603) 625-8600 


Call Toll Free 1-800-221-2763 


LATHE SPECIFICATIONS: 

• 3.5” swing over bed 

• 8” between centers 

• ±.0005" positioning repeatability 

• 200 to 2000 RPM spindle speed 

• 115V power requirement 

• Ball bearing spindle 

• Adjustable gib slides 
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Synchronous Motors for laser scanning 
always spin at exactly the speed dictated 
by the frequency. For laser scanning, the motor 
has to turn the polygon at precisely the required speed at 
all times. And that’s what makes Vernitech AC 
Hysteresis Synchronous Motors perfect for laser 
scanners and bar code readers. 

The speed is dictated — absolutely — by input 
frequency. As long as the frequency remains constant, 
so does the motor speed. Whether the frequency is 
2.5 Hz or 1600 Hz, and a speed range of 150 to 75,000 
rpm, the unique Vernitech design will synchronize. 
Broad Band (150-40,000 rpm) can be designed into a 
single motor frame. 

The electronics required fits easily into 5 cubic 
inches. The voltage required for the drive is 5 VDC. The 
output circuitry for motor drive is 5 wire. Our motors are 
precision instruments in every way. The shaft can have 
straightness of .0001 " TIR, and perpendicularity to hub 
of .0001 " TIR. The dynamic balance of the rotor is 
.0001 oz/inches. 

Vernitech AC 
Synchronous Motors are 
available in a power 
range of 1 to 1 00 watts 
per phase, 2 through 250 
volts, with 2, 4, 6, 8, or 12 
poles, and with polygons 
mounted outside bearing 

journals (for under 20,000 rpm), or inside bearing journals 
mounted (for up to 75,000 rpm). We can mount the 
polygon if desired, and in fact, custom-build the motor to 
your specifications. 

For more information, contact Jerry Moonelis at 
Vernitech, (516) 586-5100, 300 Marcus Blvd., Deer Park, 
NY 11729. TWX 510-227-6079. 


5 VDC 


*Not apparent in 



most critical applications. 
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PERSONAL ROBOTS, KITS and BOOKS at discount prices 
CAL-ROBOT, 16200 Ventura Blvd., Suite #223, Encino, CA 91436, (818) 
905-0721. 

RADIO-CONTROLLED ROBOT TANK PLANS. Use your 
home computer to program the tank’s path. Optical Interface needs 
no wires into your computer. All parts from Radio Shack. Complete 
schematics, instructions, and software— $14.95. CYNZAC ENGINEER- 
ING, 6117 Calle Arena, Camarillo, CA 93010. 

MANUFACTURING ENGINEERS. West Coast opportunity with 
growth firm for M.E.s experienced in robotics tooling, methods, state 
of the art modernization processes. Salaries and incentives commen- 
surate to experience level. Reply in confidence to CLD, INC., RQ Box 
661896, Sacramento, CA 95866. 
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MILLER'S WHEEL AND PINION CUTTING. Write to DAVID 
G. MILLER, 23'A E. State St., Alliance, OH 44601. 






TOOL-CHANGING 
ROBOT HANDS 

Mathew L. Monforte 
Monforte Robotics, Inc 
2333 Whitehorse-Mercerville Rd. 

Trenton, NJ 08619 


Industrial robots used for assembly (Iron 
Collar Workers) are rapidly finding posi- 
tions on manufacturers’ shop floors 
throughout the world. Typical industrial 
assembly processes involve performing 
multiple tasks on one product in various 
states of production. In the past, the in- 
troduction of robotics has commonly de- 
manded one task per robot since industrial 
robotic end effectors were usually custom- 
designed to perform one specific task in 
the assembly process. Often, a change in 
product design or model will warrant re- 
moval and/or replacement of the end ef- 
fector in order to be compatible with cur- 
rent running configurations. Sensor capa- 
bilities designed into each end effector 
must also be considered for monitoring cell 
functions. The principal advantage of using 
robotics in assembly over other traditional 
methods is versatility. Although the robot 
can easily run a variety of motion pro- 
grams, the end effector is almost always 
dedicated. 

A tool-changing robot hand system can 
automatically and intelligently retool itself 
under the same computer control as the 
robot manipulator device. The introduc- 
tion of such a system into the work cell of- 
fers a fresh new approach to robotics and 
to the task the robot is to perform. Advan- 
*tages of this approach include eliminating 
the cost and floor space of multiple work 
cells, fewer line shutdowns for retooling 
high-cost custom-designed end effectors, 
and generally enhanced production. A 
tool-changing end effector certainly war- 
rants consideration in most robot work 
cells. 


DESIGN CONSIDERATIONS AND G UIDELINES 
In order for a multifunctional, intelligent 


end effector to be practical and effective, 
the following guidelines were taken into 
consideration. The end effector must: 

• be durable in construction but light in 
weight to be compatible with the 
largest selection of robots 

• retain as much accuracy as possible 
from the host robot by having the 
fingertip-to-mounting clearance as 
small as possible 

• be able to exert enough gripping force 
to be applicable with higher payload 
robots 

• be able to grasp a variety of parts or 
tools using desired gripping forces as 
needed 

• be able to acquire work pieces or tools 
in a variety of modes of pickup (our 
design goal was at least six distinct 
modes) 

• be able to acquire work pieces or tools 
larger than maximum finger opening 

• be able to retool itself under automatic 
control 

• be able to work with parts or tools in 
a work cell in a manner similar to 
custom-designed end effectors 

• be able to engage or disengage custom 
toolings or work tools in less than V 2 
second 

• have a cost-effective retooling method 

• have an interface method compatible 
with the largest selection of robots 

• be as user-friendly as possible 

• have a selection of sensors to monitor 
gripper duties 

• have a selection of features to perform 
complex assembly 

The Foreman Hand was developed to 
meet these design considerations. To ap- 
peal to a wide range of assembly opera- 
tions, the hand’s sensors and features were 
designed in a modular fashion. The final 


design outcome was a series of 16 end ef- 
fectors, all meeting the design guidelines. 
With common internal mechanisms, the 
Foreman Series offers an upgrading fea- 
ture: Sensors and other features can be 
added at any time because of their modular 
configuration. 

The hand’s main frames are constructed 
of magnesium, a lightweight metal, be- 
cause of its strength-to-weight factor. To re- 
tain the accuracy of the host robot, the in- 
ternal mechanisms were designed as com- 
pactly as possible, with a fingertip-to- 
mounting surface dimension of 6.90 in. 
The true parallel finger stroke of 3% in. 
has a maximum gripping force of 120 lbs. 
and operates at a range of 15-150 psi. 
Because they have the flexibility of six 
distinct modes of pickup in conjunction 
with the use of the adapter keys and sen- 
sors, the hands can easily handle a variety 
of functions intelligently— component in- 
sertions, multiple parts, large parts, small 
parts, odd-shaped parts, use of hand tools, 
and delicate parts, for example— in one 
continuously running work cell. The in- 
dustry standard data interfaces available 
(including RS-232) permit end users to 
operate and monitor the hands through 
the host robot’s computer and its software. 
The hand is just another peripheral to the 
robot control computer; programming 
languages and methods remain the same. 


ADAPT ER KEYS 

The uniqueness of the Foreman Hand is 
the ability to retool itself automatically in 
a cost-effective manner under robot con- 
trol. The adapter keys and the hand’s six 
modes of pickup provide the flexibility to 
work with a variety of shaped parts or tools. 
(See SIX DISTINCT PICKUP MODES.) 
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Photo 1. Adapter plates used to configure the 
Foreman end effector with quick-change tooling. Note 
the adapter keys protruding from the plates in a con- 
figuration that fits the matching locking receptacles 
on the two fingers of the gripper. 
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The adapter keys are available in three 
standard sizes: T, I, and 0. (See Photo 1.) 
The flat face of the adapter key is for 
mounting tools, custom-configured sur- 
faces, sensors, mechanical devices, etc. The 
I style is approximately as wide and long 
as the hand’s finger. The T style provides 
an extra surface for customized configura- 
tions or dead blocking, a technique of set- 
ting a mechanical limit on gripper move- 
ment to a precise position, either opening 
or closing. The 0 style provides a much 
larger mounting surface. Suitable for 
custom configurations and dead blocking, 
the 0 style provides an excellent surface 
for mounting a variety of off-the-shelf hand 
tools. 

Once configured, the keys are nested for 
pickup by the hand. There are no dedi- 
cated nesting areas, so tooling can be 
placed anywhere in the work cell area 
within reach of the robot arm. A properly 
designed nest should have from 5 to 10 
thousandths of an inch of freedom for the 
tooling to sit in. Final indexing is provided 
by the tool lock mechanism. 
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ACQUIRING ADAPTER KEYS 

After the adapter keys have been nested 
in the robot cell, the robot must be taught 
a position for acquiring the keys through 
the following procedure: 

Step 1. Set tool locks to the off (or up) 
position. If the robot’s controller is 
equipped with a tool lock positive-pressure 
indicator, green indicates tool lock “on” 
and white indicates tool lock “off.” If there 
is no indicator, the locks can be seen in 
their locked position when adapter keys 
have not been inserted into the fingers, as 
illustrated in Figure 2. 


FOREMAN HAND FINGERS 



TOOL LOCK OFF 



TOOL LOCK ON 


Figure 1. Dimensions of the standard Foreman 
adapter plates. The I-style plate (a) is about the same 
size as the gripper Finger style (b), and O-style (c) 
plates have extended areas that can be used for dead- 
blocking the end effector against fixed, mechanical 
reference jigs. 
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Figure 2. The receptacles for the adapter keys have 
a computer-activated locking mechanism shown 
schematically here. In the unlocked mode (left), the 
keys on the adapter plate move in and out of all four 
holes freely. In the locked mode, a precisely 
engineered tool lock bar is raised to mate with the 
notches on the adapter keys. 


Step 2. Release air pressure to the hand 
actuator. 

Step 3. By hand, open or close the fin- 
gers to a ready position (i.e., finger posi- 
tion prior to inserting adapter-key prongs 
into the hands through holes for that par- 
ticular nested tool). Figure 3a shows the 
hand at this state. 

Step 4. Move the robot arm to the tool- 
ing in such a way that the adapter-key 
prongs can be freely inserted into the hand 
finger through the holes. (See Figure 3b.) 

Step 5. By hand, move the gripper fin- 
gers open and close over the adapter-key 
prongs. Make robot arm-position adjust- 
ments as necessary. Little or no drag on 
the adapter-key prongs constitutes a 
proper ready position for pickup. 

(Note: The Foreman Hands are depen- 
dent upon proper positioning and repeata- 
bility of the host robot. All adapter-key 
positions must be considered precision 
positions and must be programmed as 
such.) 

Step 6. Reconnect the air lines to the 
actuator. 

Step 7. Under pneumatic control, open 
and close the Foreman Hand fingers over 
the adapter-key prongs several times. If the 
prongs are not inserted freely, repeat steps 
2 through 5. 

Step 8. Attaching and releasing the 
adapter keys is accomplished via a 
pneumatic locking mechanism inside each 
finger. Requiring 65-85 psi lubricated or 
nonlubricated air and controlled by the 
host robot computer’s I/O, the locking 
mechanism must be actuated when the 
fingers are in the proper position. Figures 
3a, 3b, and 3c show adapter-key acquisi- 
tion for one style of nesting. To release the 
adapter key, reverse the function processes. 


SIX DISTINCT PICKUP MODES 

Foreman Hands have the flexibility of ac- 
quiring tools or work pieces in several 
ways. 

Mode 1, Mode 2 Finger Pickup. Foreman 
Hand actuators were specifically designed 
to operate the fingers in the expansion and 
contraction modes. Rubber contact pads 
on the inner and outer surfaces of the 
fingers ensure grasp integrity for o.d. and 
i.d. type pickups. (See Figure 3.) 

Mode 3, Mode 4. Adapter keys can be at- 
tached to the inner and outer surfaces of 


a) 


POSITION 


b) 


CLOSE. LOCK. SENSE 


c) 


OPEN TOOLINGS ATTACHED 



Figure 3. Mating a set of tooling to the Foreman Hand is a three-step process. The unused tooling is kept in a nesting location, approached by the open fingers 
of the hand (a). The hand is then closed over the tooling, mating adapter keys to the unlocked receptacles (b). The receptacles are then locked, and the hand 
plus tooling can be removed from the nest and opened (c). 


the fingers, thus allowing them to sweep the fingers. (See Figure 5.) The hand can of operations— multipart, small parts, odd- 

freely open and closed with the motion of thus acquire custom tooling for a variety shaped parts, large parts, and others. 



Csharp Realtime Toolkit 


SYSTEMS 

GUILD 


Systems Guild, Inc., P.O. Box 1085, Cambridge, MA 02142 
(617) 451-8479 


Realtime on MSDOS? Csharp can do it! Get the tools without operating system overhead. Cut development time with C source 
code for realtime data acquisition and control. Csharp includes: graphics, event handling, procedure scheduling, state system 
control, and interrupt handling. Processor, device, and operating system independent. Csharp runs standalone or with: MSDOS, 
PCDOS, or RT11. Csharp runs on: PDP-11 and IBM PC. Csharp includes drivers for Hercules and IBM graphics boards. Data 
Translation and Metrabyte IO boards, real time clock, and more. Inquire for Victor 9000, Unix, and other systems. Price: $600 
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Figure 4. Expansion (a) and contraction (b) modes of gripping with the Foreman Hand. In these illustra- 
tions, gripping is done without adapter plates, with the jaws unconstrained. 


Mode 5, Mode 6 Adapter-Key Fixed 
Pickup. Adapter keys can be mounted to 
a variety of off-the-shelf tools, such as 


solder mask, epoxy, drills, component in- 
sertion, lasers, and water knives. Also, jig- 
ging trays and other objects that need to 


be relocated in the work cell can be 
handled in this matter. (See Figure 6.) 


SENSORS/FEATURES 

Sensors, which play a big part in the 
automatic assembly process, enable the 
hands to intelligently perform their work 
duties in the robot cell. 

Noncontact Sensing. An optoelectronic in- 
frared emitter detector pair centrally 
located one-tenth of an inch from the 
fingertips can detect the presence of an 
opaque object entering the finger grasp- 
ing area. Since robots commonly acquire 
parts from conveyors and part feeders, the 
signal from the beam can be monitored to 
sense the presence of a work piece before 
the end effector goes into its grasping 
mode. Through programming, missing 
parts can be detected, and a work cell can 
respond in several ways— cell shutdown, 
alarms activated, or conveyors indexed to 
next part position, for example. A variety 
of optics can also be mounted to adapter 
keys to reroute the beam to a desired posi- 
tion with each adapter-key set acquisition. 
Fiber optics, rhomboid prisms, and other 


limited time SPECIAL OFFER: 


SCORPION MOBILE ROBOT KIT 



World leaders in instructional robotics 

RHINO 

ROBOTS 

3402 N. Mattis Ave. 

P.O. Box 4010 
Champaign, IL 61820 
(217)352-8485 


Originally $660 
NOW ONLY $349* 
SAVE OVER 45% 


FACTORY 

DIRECT 

ONLY 


The $349 package price gives you the Scorpion kit with everything 
needed for assembly plus our 250-page assembly and operation 
manual (a $20 value) as a free bonus. 

The Scorpion is a versatile floor mobile robot that can be run 
from the RS-232C port of any computer, small or large. It is designed 
specifically for the serious robotic enthusiast who owns a personal 
computer and would like to experiment with robotics, artificial intelli- 
gence, machine intelligence, pattern recognition, and mobile robot 
theory. These activities are permitted by the Scorpion by virtue of its 
unique features, which include 2 drive motors, 4 bumpers with 2 micro- 
switches each, 2 programmable eyes, a speaker with tone and dura- 
tion programmability, a 2 axis optical scanner tha allows patterns of 
the brightness of the robot’s environment to be displayed on the CRT 
of the computer, and a 2 phase floor scanner that can be used to 
allow the Scorpion to track the floor environment in an intelligent 
manner. 


Enclose check or money order with order. VISA or Mastercard charges 
accepted. 'Power supply not included. Shipping extra. 
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need for the end effector fingers to come 
to a fixed position, read the predetermined 
position, verify it, or report the position 
to the host controller for processing. To 
achieve this, a capacitive linear position 
sensor using pulse-width modulation was 
built and installed in the upper frame of 
the hands. Using a small microprocessor, 
a pneumatic servo, and an RS-232 inter- 
face, 256 finger positions (approximately 
every 15 thousandths of an inch) can be 
commanded from the host robot’s comput- 
er program. The hand controller takes the 
entered position as an 8-bit integer number 
from 0 to 255 and sets the fingers of the 
hand accordingly with an accuracy of 
0.004 in. The hand controller also can 
send back the current hand position to the 
host controller for verification. Gauging is 
possible using this technique. 

For example, the hand can be positioned 
over a conveyor having a variety of part 
sizes. From a full open position, the hand 
can be asked to move to full close, grasp- 
ing the part in the interim. Once in the 
grasp, the hand controller can send the 
current position to the host controller, 
which can dictate the next robot process. 


ADVANTAGES OF 

FLEXIBLE END EFFECTOR TOOLING 

By using an interchangeable end effector 
tooling technique, a single work cell can 
be set up to accomplish multiple tasks. The 
technique is similar to proven technology 
of NC milling and drilling machinery with 
interchangeable bits. Here, however, we 
have a nest of multiple specialized end ef- 
fector tools that can be changed under 
programmable control. During an assem- 
bly stage, the gripper can attach to a series 
of active and passive tools selected from 
a nest. By multiplying the number of tasks 
an individual work cell can perform, the 
interchanged end effector technique 
enhances productivity. 


methods of work piece detection have been 
successfully tested. 

Tool Lock Sensing. Optic sensors in each 
finger have been added for verifying ac- 
quisition and proper positioning of the 
adapter keys. Properly acquired adapter 
keys will produce a signal to the host robot 
computer to permit the program to 
continue. 


Figure 6. Fixed pickup with adapters. In this pair of 
examples, the motion of the Foreman Hand gripper 
fingers is used to mount tools, fixed-position jigs, part 
trays, etc., while the adapter keys remain in a fixed 
position. 

Programmable Finger Positions/Gauging. 
Often in the assembly process there is a 


Mathew L. Monforte is president of Monforte 
Robotics, Inc. An inventor and designer, he 
worked in the aerospace and robotics industry 
prior to founding his own company. 
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MEET THE 
MOTOR MOUTH 


An artificial mouth designed 
to speed up the testing process 
of dental materials is being de- 
veloped at the University of 
Minnesota’s School of Dentistry. 
This robotic oral environment 
mimics the complexities of 
chewing (a multidirectional mo- 
tion) and even squirts artificial 
saliva. The mouth, outfitted 
with real teeth, can simulate 
in just eight hours three to 
six months’ normal human 
chewing. 

Dr. William Douglas, working 
under a grant from the National 
Institute of Dental Research, 
teamed up with two colleagues 
(one of whom has a Ph.D. in 
physics in addition to his 
D.D.S.) to create ART, for Ar- 
tificial Resynthesis Technology. 
A fourth member of the team 
is MTS Corporation, a Min- 
nesota firm specializing in 
engineering and hydraulics 
equipment. 

ART consists of two vertical- 
ly opposed “jaws,” in which four 
freshly-extracted teeth are fixed, 
two above and two below. 
(Some projects will involve the 
whole arch.) To duplicate the 
function of the gums, the teeth 
are mounted in an acrylic base 
that acts as a shock absorber 
and allows the teeth to dislocate 
slightly and then reposition 
themselves as they do in a real 
mouth. Four jets provide a liq- 
uid lubricant that performs the 
function of human saliva. ART 
bites four times per second, 
about the rate of a fast chew. 
Because ART can bite 24 hours 
a day, wear on natural enamel 
and on restoration materials re- 
quires a much shorter testing 
time than is needed in a human 
mouth. 

Douglas’s research focused 
on two problem areas: perfect- 
ing the natural motions of the 
mouth, and recreating the tem- 
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perature fluctuations experi- 
enced in a mouth that, say, has 
a cup of coffee with a dish of ice 
cream. The latter problem was 
solved by a process based on 
thermal cycling, the body’s at- 
tempt to maintain itself at a 
constant 98.6 degrees. Any- 
thing of an extreme tempera- 
ture taken into the mouth 
usually makes a quick trip past 
the teeth, with no penetrating 
effect on the enamel. The sys- 
tem devised for ART shoots first 
a small amount of hot water fol- 
lowed immediately by a spray of 
cold to simulate rapid tempera- 
ture changes. 

The masticatory, or chewing, 
cycle was more difficult to emu- 
late. To control both force and 
motion simultaneously, a servo- 
hydraulic system with closed- 
loop control was used. There 
are three phases in mastication: 
preparatory, during which the 
mandible, or jawbone, is posi- 
tioned; crushing, during which 


the molars compress the bolus, 
or bite of food; and gliding (or 
grinding), during which the 
bolus is ground between the 
molars. 

The first two phases are car- 
ried out under muscular con- 
trol. Gliding is achieved under 
displacement or stroke control 
defined by tooth anatomy. 
When the teeth come into con- 
tact during grinding, they slide 
along each other until the 
peaks and valleys of opposing 
teeth align. The sliding motion 
describes an arc with a center 
of rotation just in front of the 
ear lobe opposite the chewing 
side. The point of rotation is 
not fixed, but moves in an arc 
with a very large radius (8 to 10 
cm) in comparison to the de- 
scribed arc (1 to 2 mm). 

The three-dimensional glid- 
ing movement can be described 
by motion in two planes, the 
horizontal and the frontal. 
Horizontal movement is ap- 


proximated by straight-line mo- 
tion, while that of the frontal 
plane is defined by occlusal 
anatomy, the way the teeth 
come together while chewing. 
In the servohydraulic system, 
the anatomic loads and dis- 
placements are supplied by hy- 
draulic actuators under closed 
loop control. The haversine 
load applied to the teeth is pro- 
vided by a vertical actuator and 
the sliding motion of grinding 
by a horizontal actuator. The 
vertical actuator also opens and 
closes ART’S jaws. The two ac- 
tuators are synchronized to en- 
sure the load is supplied during 
the grinding and not the 
preparatory phase. 

Loading during the glide 
phase is accomplished by input- 
ting the desired electronic wave- 
form into the control of the ver- 
tical actuator. The waveform 
can be programmed to provide 
a constant contact load during 
the glide phase, or a haversine 
contact load that closely simu- 
lates anatomical loading. The 
glide phase contact load is con- 
trollable from 1-1000 lb. (4.45- 
4450 N). 

The horizontal actuator is 
under stroke control at all 
times, moving back and forth 
along a straight line approx- 
imating the arc of the grinding 
phase. The vertical actuator 
undergoes two mode switches 
per cycle. Its control mode is 
switched from stroke to load 
control at the beginning of a 
grinding phase, and back to 
stroke control at the end of the 
phase. The arc of the sliding 
motion can be approximated by 
a straight line with very little 
error. 

An additional discovery aris- 
ing from Douglas’s research has 
been a means of measuring 
tooth wear in very small in- 
crements. An experienced den- 
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tal clinician can detect a change 
in a tooth or restoration at 
about 40 to 50 microns, but the 
computer can see 4- to 5- 
micron changes. Early detec- 
tion of minor changes in a 
natural tooth, or in a dental 
product, can help prevent a 
more serious problem from 
developing. To determine the 
amount of material worn off the 
surface of a tooth or restora- 
tion, the tooth surface is pro- 
filed before, during, and after 
testing. 

The MTS test system uses a 
precise displacement stylus and 
a programmable data acquisi- 
tion system to generate a tooth 
profile. The horizontal actuator 
draws the stylus across the 
tooth, tracing its contour. The 


stylus also controls the move- 
ment of the vertical actuator. 
Displacement data from the 
horizontal and vertical actu- 
ators' linear variable displace- 
ment transducers is gathered. 
The data provides a contour 
line of the tooth in the plane of 
stylus motion. The stylus is 
then moved over to trace 
another contour line parallel to 
the first. This is repeated until 
a three-dimensional profile of 
the chewing surface is obtained. 
Subsequent profiles of before 
and after testing are overlapped 
and matched by aligning areas 
of the tooth not subjected 
to wear. The volume between 
these profiles is then calculated 
and attributed to wear. ■ 


CORPORATE NEWS 


► Several personnel changes 
have been announced by RB 
Robot Corp. of Golden, CO. 
Joseph H. Bosworth has re- 
signed as chairman of the board 
and president, and has been re- 
placed by Earle H. Stevenson. 
Bosworth will remain a director 
and will represent the company 
as an independent marketing 
agent. William A. Frederick, a 
director of the company since 
its inception, has been replaced 
by John J. Collins, and Joseph 
M. Collins has been elected 
vice president. The board of 
directors has also announced 
that on 1 February 1985 John 
J. Collins acquired from 
Bosworth nine million shares of 
the Golden, CO, company’s 
stock. 

► The first National Medal of 
Technology to be conferred 
upon a company has gone to 

AT&T Bell Laboratories. The 


award, created by a 1980 act of 
congress, recognizes individuals 
and companies that have “ad- 
vanced United States competi- 
tiveness in world markets, 
created new jobs, and made 
technological contributions to 
industries and people every- 
where.” AT&T Bell received the 
honor from President Reagan 
for “contributions over decades 
to modern communication sys- 
tems.” Individuals receiving 
medals were: Joseph F. Sutter, 
Boeing Commercial Airplane 
Co.; Bob 0. Evans, Frederick P. 
Brooks Jr., and Erich Block, 
formerly of IBM; Allen E. 
Puckett and Harold Rosen, 
Hughes Aircraft Co; Marvin M. 
Johnson, Phillips Petroleum; 
John T. Parsons and Frank L. 
Stulen, John T. Parsons Co.; 
Steven P. Jobs and Stephen G. 
Wozniak, Apple Computer; and 
Ralph Landau, formerly of 
Halcon S.D. Group, Inc. ■ 


FIRST IEEE 
ROBOTICS CHAPTER 


The Boston Section of the In- 
stitute of Electrical and Elec- 
tronics Engineers (IEEE) has 
formed a Robotics Chapter, the 
first such chapter in the coun- 
try sponsored by the IEEE. The 
chapter will be interdisciplinary, 
and joint meetings with other 
societies both outside and in- 
side the IEEE are anticipated. 

The Robotics Chapter’s areas 
of interest will include: robotic 
kinematics and dynamics; smart 
sensors, sensor systems, and 
feedback control; CAD/CAM/ 
CAE; control languages; artifi- 
cial intelligence; process design 
and control; hierarchical com- 
puter control; and drive systems 


and controllers. 

The inaugural meeting, 
planned for 17 April, will fea- 
ture Dr. Tomas Lozano-Perez of 
the Department of Electrical 
Engineering and Computer 
Science, Massachusetts In- 
stitute of Technology, who will 
speak on “Object Recognition 
and Localization Using Models.” 

Anyone interested in joining 
the new robotics chapter or ob- 
taining more information about 
it may write Dr. Robert E. 
Parkin, Dept, of Electrical En- 
gineering, Lowell State Univer- 
sity, 1 University Ave., I^owell, 
MA 01854, or telephone him at 
(617) 452-5000, ext. 2295. ■ 


§249. TERMINAL 



Featuring • Standard RS-232 Serial Asynchronous ASCII Communications 

• 48 Character LCD Display (2 Lines of 24 each) 

• 24 Key Membrane Keyboard with embossed graphics. 

• Ten key numeric array plus 8 programmable function keys. 

• Four-wire multidrop protocol mode. 

• Keyboard selectable SET-UP features— baud rates, parity, etc. 

• Size (5.625" W x 6.9" D x 1.75" H), Weight 1.25 lbs. 

• 5 x 7 Dot Matrix font with underline cursor 

• Displays 96 Character ASCII Set (upper and lowei case) 
Options — backlighting for display, RS-422 1/0, 20 Ma current loop 1/0, 


r0flPUT£RV15£.,Nc 

302 N. Winchester • Olathe, KS 66062 • (913)829-0600 • TELEX 705337 
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MARKET 

RESEARCH 

Medium-volume production 
of military robots will have 
begun by 1988, according to 
research conducted by Interna- 
tional Resource Develop- 
ment, Inc. The company has 
released a 252-page report 
forecasting an annual produc- 
tion of military and paramilitary 
robots in excess of $1/2 billion 
by 1994, and an additional $1 
billion will be spent on research 
and development of military 
robots and artificial intelligence. 

The first robots will move on 
tracks or wheels, the study 
says, but the future will bring 
devices on four or even two 
legs. The report describes self- 
navigational abilities as critically 
important and cites the “pro- 
fuse” number of contracts 
awarded to universities and 
think tanks for research on ar- 
tificial intelligence for robot 
navigation. 

One particularly important 
application of the military robot 
is ammunition handling. The 
Battlefield Robotic Ammunition 
Service System (BRASS) uses 
robotic “snaggers” and “crunch- 
ers.” The snagger finds and 
grabs a pallet of ammunition 
and moves it into position 
beside a gun. The cruncher in- 
serts the fuses and prepares the 
round for firing. Some systems 
also use a “stasher” that readies 
the ammunition for snagging. 

The use of robots instead of 
humans is expected to be 
especially significant in extreme 
climatic conditions and in situa- 
tions in which soldiers are like- 
ly to suffer from fatigue or im- 
paired efficiency. Still, the 
report predicts that the officers 
might not be entirely en- 
thusiastic in that more robots 
will mean fewer humans in a 


command with a resultant 
decline in an officer’s career op- 
portunities. Also, human super- 
visors in the battlefield will have 
to be prepared for equipment 
malfunctions that could lead to 
disaster. As IRD research staff 
member Jocelyn Thylor points 
out, “Getting sideswiped by a 
‘friendly’ robot isn’t any more 
fun than being caught in 
‘friendly’ fire." 

A market study conducted by 
General Electric reflects a 26 
percent rise last year in robot 
sales, but no corresponding rise 
in profits. Total 1984 sales are 
expected to be about $311 
million, a figure spread among 
300 firms worldwide offering 
robotic systems (up from 50 in 
1979). 

Wall Street analysts had 
predicted a 50 percent growth 
rate for the robotics industry 
last year. G.E.’s Vem Estes, 
manager of product planning 
and market development for the 
Robotics and Vision Systems 
Dept., said the perceived 
lackluster performance of the 
industry had seriously damp- 
ened the enthusiasm of venture 
capitalists. 

Estes said also that cus- 
tomers want turnkey systems in- 
stalled and completely de- 
bugged by the robot vendor, 
reflecting the fact that most 
firms have found robotic ap- 
plications more difficult and ex- 
pensive than they had original- 
ly estimated. Said Estes, “This 
industry will be a success when 
both vendor and client realize 
that successful implementa- 
tions, like good marriages, re- 
quire an equal effort from both 
sides for a 100 percent suc- 
cessful system.” 

DM Data, Inc. has released 
a report predicting a $5 billion 
United States market for ar- 


tificial intelligence by 1990. The 
figure is based on sales of AI 
equipment and software in the 
areas of expert systems, voice 
recognition, visual recognition, 
and natural language interface. 

The report, however, in- 
dicates concern throughout the 
industry that AI technologies 
might have been oversold dur- 
ing 1984. The consensus is that 
the state of the art has been 
misrepresented in that even 


Looking for a cat or dog that 
never eats, drinks, or misuses 
your carpet? One you can turn 
off when you’re tired of playing? 
Well, it could be that the Petster 
is the furry friend for you. 

It seems Atari and Androbot 
founder, Nolan Bushnell, is now 
CEO of Axlon, and Axlon is re- 
sponsible for the Petster. A re- 
cent article in ElectronicsWeek 
brought these creatures to our 
attention, and we gather they 
are closely related to the little 
dogoid on the former TV show, 
“Lost In Space.” With one 
significant difference: They’re 


though there have been new 
breakthroughs in machine 
capabilities, AI still does not im- 
part any semblance of in- 
telligence to computers. 

DM Data’s annual report 
reviewed the entire AI industry 
from both a business and 
technological perspective, as 
well as government involvement 
in AI from defense contracts to 
research funding. ■ 


not always happy. 

For the Petsters are said to 
have temperaments. They are 
mobile and sensitive to light 
and sound. And they have on- 
board computers with 4-bit 
custom microprocessors with 4 
Kbytes of ROM and some 
RAM, allowing them to act 
merry or mopish, peppy or 
pooped. 

Bushnell predicts that the 
Petster “will replace biological 
animals as pets and compan- 
ions.” Well, at least if your com- 
panion’s having a bad day you’ll 
know it’s nothing you did. ■ 
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introducing the world's first autonomous personal robot . . . 




Light Sensor 


Microphones (3) 

Smoke Detector 
Dual Speakers 
Power Distribution Board 


Sonar, Sensor and Stepper 
Motor Controller 
Signal Conditioning 
(Voice, Sound, Motion, 
Temperature, Smoke, 
Barometer, Batteries) 

RAM/ROM Card 


COMPUTERS 

Voice I/O & Sound 

Propulsion 

Main 

PROPULSION 

4-Wheel Drive 
Two DC Motors 
Three 12-Volt 6.5 
AMP-Hour 
Batteries 


UIZIIIII II 


Tape or Disk Drive 
Keyboard (Detachable Cord 
or Cordless) 

Convenient Joystick 

COLLISION AVOIDANCE 

Body Sonars (5) 

Bumpers 


PORTS 

RS232 
Dual Parallel 
Centronics Printer 


To Remote Communication 
Computer 


NAVIGATION 

Head Sonars (3) 

IR Door Edge Detector 
IR Room Beacon Detector 


Motion Detector 


USER INTERFACES 

Function Keys 

40 x 8 Adjustable LCD 
Display 


Your new robot will find its way around your home 
and office, perform preassigned tasks, charge its own 
batteries, talk to you and obey your spoken commands. 

This remarkable life-sized robot is controlled by 
three on-board computers, an unprecedented 108K bytes 
of built-in software and a sophisticated array of elec- 
tronic sensors all integrated together to give it life-imitat- 
ing artificial intelligence. 

You’ll know the moment you power up GEMINI that 
you have a real robot. One that performs a self check of 
its hardware while verbally and visually informing you of 
the results. One that will keep itself alive while always 
monitoring its multiple inputs for your commands. 

Ready made, easy-to-use software will allow you to 
demonstrate most functions of the robot with single key- 
strokes. Missions for the robot to accomplish at future 
times can be assigned by anyone. No programming ex- 
perience required. Important missions, too, such as 
periodic reminders, wake-up calls, storytelling for the 
kids, remote control of appliances and more. 

An enhanced floating-point BASIC language will give 
you complete control of the robot. Commands like 
SPEAK, GOHOME, MOVETO, RANGE, etc., provide you 
with a means to develop complex programs, fast. 
Machine language level programs provide you with many 
debugging tools that you would expect to find on a real 
robot. 

A high-level voice command language provides voice 
access for up to three users. And the voice I/O and sound 


ARCTEC SYSTEMS™ is a member of the ARCTEC GROUP, INC., 
United States and Canada. 


computer can store up to 256 words or phrases, and 
dynamically update these as you converse with the robot. 
Highly accurate text-to-speech software and music pro- 
grams with vocals are built-in. 

GEMINI is ready for you now. Buy assembled or in 
modular, learn-as-you-go form. Either way, don’t miss out 
on the chance to participate in the exciting new world of 
machine intelligence. 



9104 Red Branch Road • Columbia, MD 21045 
(301) 730-1237 

CA (619) 746-5511 • Canada (613) 592-2830 


□ Please send details on GEMINI. 

□ Please send dealer information. 

□ Interested in Club Demonstration. 

Mail to: ARCTEC SYSTEMS, INC. 

9104 Red Branch Road 
Columbia, MD 21045 
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New 

Products 


Continued from page 25 


Medium Batch 
Operation Robot 

T he MTC-3 Turning Center offered by 
MHP Machines has a GMF robot with 
a 20-position carousel designed to improve 
productivity for medium batch operations. 
The robot can handle workpieces up to 11 
lbs. and permits part-changing in approx- 
imately 20 seconds. This is accomplished 
via an arm with three-axis movement: along 
the machine’s Z axis to move parts into and 
out of the chucks (robot X axis), across the 
machine’s X axis from carousel to chuck 
(robot A axis), and a 270-degree wrist move- 
ment in 90-degree increments to remove 
one part from the chuck index and insert 
the next part (robot a index). 

The robot has its own control and is 
separately programmed; the programs are 
stored in battery backed-up RAM and re- 
called as needed. Arm movements are con- 
trolled by mechanical stops and limit 
switches. 


Robot-Selection 
Software Package 

obot Calc is offering a complete ro- 
botics directory, analysis, terminology, 
and justification guide computer program 
designed to assist robotics engineers and 
researchers. The Robot-Calc 1 package con- 
sists of two floppy disks and a leatherlike 
folder for storage. 

The program can be used on IBM or IBM- 



Each of the 20 positions on the carousel 
can handle an 8 in. by 6 in. plate made to 
suit the part to be machined. The parts can 
be stacked to a height of 11.5 in. Postprocess 
ganging can be linked to offsets in the CNC 
control to good parts and compensate for 
tool wear. 

For more information, contact: Michael 
Mortimer, MHP Machines, Inc., PO Box 
143, Buffalo, NY 14225, telephone (716) 
668-0221. Circle 45 


compatible computers. A database directory 
lists hundreds of industrial robots with stan- 
dardized specifications and over 100 
domestic and foreign manufacturers and 
suppliers marketing in the United States. 

For more information, contact: Robot 
Calc, Inc., PO Box 930, South Bend, IN 
46624, telephone (219) 282-8100. 

Circle 46 



Linear Actuators 


astern Air Devices has introduced a 
new series of linear actuators said to 
achieve greater force and finer linear resolu- 
tion than have heretofore been available. 
The bidirectional devices contain a size 32 
permanent magnet stepping motor with 200 
steps per revolution. They come with 
voltages from 4 to 24 VDC. The actuators 
are designed to achieve a linear force of up 
to 657 oz. and a linear travel from 1.25 X 
10~ 3 in. to 0.3125 X 10~ 3 in. per 1.8 
degree step. 

The internal rotating nut is made of SAE 
660 bearing bronze, and the actuating shaft 
is a Va X 16 ACME rolled thread of CRS. 
Models are available with leads of y l6 , %, or 
Va in. Custom models can be provided also. 

For more information, contact: Fred 
Phillips, Eastern Air Devices, 1 Progress Dr., 
Dover, NH 03820, telephone (603) 
742-3330. Circle 47 




Servocontrolled Electric 
Industrial Robots 

rab Robots is offering four models of 
electric drive, servocontrolled indus- 
trial robots: the G-24, G-26, G-34, and G-36. 
All four feature a patented, five-link kine- 
matic design that makes them highly versa- 
tile and extremely accurate, the company 
says. 

The DC electric-drive robots can simul- 
taneously perform eight axes of motion in- 
cluding items such as transverse base and/or 
positioning table. All axes have permanent 
magnetic brakes. Models 24 and 34 have 


four axes as standard, while models 26 and 
36 have six. The four-axis units are equipped 
with a wrist linkage that keeps the last axis 
faceplate in a normal vertical or horizontal 
plane throughout the work envelope and all 
programmed moves. Payload capacity ranges 
up to 145 lbs. (65 kg) at maximum speed. 
An enhanced software package permits 
heavier payloads. 

When interfaced with the G-Series con- 
troller (Model 800), the robots offer point- 
to-point, multipoint, and continuous-path 


capabilities including linear, circular, and 
spline interpolation. The robots use digital 
encoders for “absolute” feedback of servo- 
commands. Applications include parts han- 
dling, deburring, grinding, water-jet cutting, 
light and heavy spot welding, palletizing, 
adhesive dispensing, and assembly. 

For more information, contact: Prab 
Robots, Inc., 6007 Sprinkle Rd., PO Box 
2121, Kalamazoo, MI 49003, telephone (616) 
329-0835. 
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I_Jocating sensor 
and transducer products 
—or a specific manufac- 
turer or vendor— doesn't 
have to be a hit-or-miss 
search through piles of 
general directories any more. 
It's all at your fingertips in 
The 1985 Sensor and Transducer 
Director y, listing over 500 sensor 
manufacturers and vendors! 
In addition to basic company 
and product information, each 
listing in the 1985 Sensor and Trans- 
ducer Director y includes a list of 
distributors and representatives by 
geographic location. Convenient indices 
let you locate specific companies by 
the type of sensor that they produce or 
the specific property being sensed. 
If you're looking for a sensing device— 
be it a thermocouple, pressure sensor, load 
cell, touch sensor, accelerometer, or whatever, 
you'll find it in the 1985 Sensor and 
Transducer Directory. 
Save yourself the search, and order the 1985 
Sensor and Transducer Director v today! 


^ .cP'^v'C * C c 
. cP^ , . v*° 


ONLY $39.95 


v* 

vv 


C Please send . 


. copies of the 1985 Sensor 


and Transducer Directory at $39.95 (includes postage and handling 

costs). Total Enclosed $ . 

□ Personal Check □ Cash □ MasterCard □ Visa 


Overseas orders please add $8.00 for airmail postage. 


5/85 RA 


Expires 


Signature 


Name 


Company 


City State Zip 

Send to North American Technology 

174 Concord St.. Peterborough. NH 03458 (603) 924-7136 







Distributed Robotic Systems 
High-Speed Liquid Dispensing 


SELECTION MENU i 

AUTOMATION CONTROL — INTERNATIONAL CYBERNETICS CORPC 


Factory Automation Controls for 

Flexible Automation Systems 
P r ess Feeding Automation 
Integrated Ceil Controllers 
'Materia! Handling 
MAP Compatible Systems 
CIM Control Systems 
Web Processing Systems 

Advanced Technologies for 

Fully Digital Brushless Servos 
Distributed Servo Controllers 
DNP‘‘ Servo Technology 
Coordinated Motion Control 
Advanced CYBER-CIM Program 
Licensing Programs 


Intelligent Machine Controllersf|| 

Continuous Path Machinlng -1 
Profile Milling 
Precision Grinding 
Semiconductor Manufacturing ^ 


Robot Controllers for 

Vision Directed Syste 
High-Speed AssembJ 
Arc Welding 


Place cursor on your selection and press E 




ICC Lets You Make The Choice 

Our Advanced Technologies Make The Difference 


When it comes to Automation 
Control, you can’t afford to make a 
wrong decision. But with ICC’s 
software-based Flexible Automation 
Controllers, your choice is always 
right. 

With ICC, you’re not locked into 
rigid vendor specs — you choose the 
right control and software package 
that precisely fits your application. 
And that’s why ICC controls are 
setting new standards of excellence 
at virtually every major U.S. manu- 
facturing company. 

Gantry Robot Controllers 

For example, with our cost- 
effective integrated Gantry Robot 
Control System* you can choose up 
to 8 axes of precisely coordinated 
digital motion, inputs for vision 
direction, complete I/O control, 
interfaces with factory networks and 
more. And you also get the industry’s 

* Patent Pending 


most advanced Digital Brushless 
servos that increase production 
speeds over 50%. 

Intelligent Machine Controllers 

When you choose ICC controllers, 
your machines become intelligent, 
fully programmable and simple to 
use. You can even convert your 
existing machines to fully flexible 
manufacturing systems (FMS) 
including Robotic teach-type or off- 
line part programming. And if your 
control requirements increase, simply 
expand your ICC controller by 
adding plug-in modules or software 
packages. 

CIM Factory Control Systems 

You can even choose our new 
Integrated Cell Controller which 
handles the total control of your 
complete manufacturing cell — 
Robotic motion, vision inputs, high- 
speed communication, discrete I/O, 
MAP compatibility and more. 


The Choice is Simple 

By choosing ICC , you’ve chosen 
the industry’s largest selection of 
advanced automation controls 
available. You can choose anything 
from distributed servo positioners to 
complete CIM automation systems. 
And we’ve even made that easy, too. 
You simply make the selection — we 
respond! 


Don’t Miss ICC At Robots 9 

June 3-6 (Detroit) 

Visit Our Amphitheatre And 
The Show’s Largest Display Of 
Advanced Automation Controls 

Booth 348 


= -= « international 
= = h cybernetics 
= = = corporation 

The Next Generation of Automation Control -Today 

105 Delta Dr., Pittsburgh, PA 15238 
Call 1-800- ICC-CONTrol 
(1-800-422-2668) in PA 412-963-1444 
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